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7LWOH
+XPDQSULRQGLVHDVHVDQGWKHULVNRIWKHLUWUDQVPLVVLRQGXULQJDQDWRPLFDOGLVVHFWLRQ
$EVWUDFW
3ULRQ GLVHDVHV RU WUDQVPLVVLEOH VSRQJLIRUP HQFHSKDORSDWKLHV 76( DUH D XQLTXH JURXS RI
IDWDO SURJUHVVLYH QHXURGHJHQHUDWLYH GLVHDVHV RI WKH FHQWUDO QHUYRXV V\VWHP 7KH LQIHFWLRXV
DJHQWLVK\SRWKHVLVHGWRFRQVLVWVROHO\RIDKLJKO\SURWHDVHUHVLVWDQWPLVIROGHGLVRIRUPRIWKH
KRVWSULRQSURWHLQ3ULRQVGLVSOD\DUHPDUNDEOHGHJUHHRIUHVLVWDQFHWRFKHPLFDODQGSK\VLFDO
GHFRQWDPLQDWLRQ0DQ\FRPPRQIRUPVRIGHFRQWDPLQDWLRQRUQHXWUDOL]DWLRQXVHGLQLQIHFWLRQ
FRQWURO DUH LQHIIHFWLYH DJDLQVW SULRQV H[FHSW FKDRWURSLF DJHQWV WKDW VSHFLILFDOO\ GLVUXSW
SURWHLQV +XPDQ FDGDYHULF SURVHFWLRQ RU GLVVHFWLRQ IRU WKH SXUSRVHV RI WHDFKLQJ DQG
GHPRQVWUDWLRQ RI KXPDQ DQDWRP\ KDV D GLVWLQJXLVKHG KLVWRU\ DQG UHPDLQV RQH RI WKH
IXQGDPHQWDOVRIPHGLFDOHGXFDWLRQ,DWURJHQLFWUDQVPLVVLRQRIKXPDQSULRQGLVHDVHVKDVEHHQ
GHPRQVWUDWHGIURPWKHLQRFXODWLRQRULPSODQWDWLRQRIKXPDQWLVVXHV7KHUHIRUHDOWKRXJKWKH
LQFLGHQFH RI KXPDQ SULRQ GLVHDVHV LV UDUH UHVWULFWLRQV H[LVW XSRQ WKH XVH RI WLVVXHV IURP
SDWLHQWV UHSRUWHG ZLWK GHPHQWLD VSHFLILFDOO\ WKH EUDLQ DQG RWKHU FHQWUDO QHUYRXV V\VWHP
PDWHULDO $ FXUUHQW FRQFHUQ LV WKH SRWHQWLDO IRU DV\PSWRPDWLF YDULDQW &UHXW]IHOGW-DNRE
'LVHDVH Y&-' WUDQVPLVVLRQZLWKLQWKH8.SRSXODWLRQ7KHUHIRUHGHVSLWH WKHSUHYHQWDWLYH
PHDVXUHVWKHWUDQVPLVVLRQRISULRQGLVHDVHWKURXJKKXPDQWLVVXHVUHPDLQVDSRWHQWLDOULVNWR
WKRVH ZRUNLQJ ZLWK WKHVH PDWHULDOV ,Q WKLV UHYLHZ ZH DLP WR VXPPDULVH WKH FXUUHQW
NQRZOHGJH RQ KXPDQ SULRQ GLVHDVH UHOHYDQW WR WKRVH ZRUNLQJ ZLWK KXPDQ WLVVXHV LQ WKH
FRQWH[WRIDQDWRPLFDOGLVVHFWLRQ
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,QWURGXFWLRQ
3ULRQ GLVHDVHV RU WUDQVPLVVLEOH VSRQJLIRUP HQFHSKDORSDWKLHV 76( DUH D JURXS RI
SURJUHVVLYH QHXURGHJHQHUDWLYH GLVRUGHUV ZLWK UHODWLYHO\ VKRUW V\PSWRPDWLF FOLQLFDO SHULRGV
ZKHQ FRPSDUHG WR WKHLU XVXDOO\ FKDUDFWHULVWLFDOO\ ORQJ DV\PSWRPDWLF LQFXEDWLRQ SHULRGV
:KLOHGHWHUPLQDWLRQRIWKHDV\PSWRPDWLFSKDVHLQKXPDQSULRQGLVHDVHFDVHVFDQEHGLIILFXOW
RULPSRVVLEOHWRHVWDEOLVKWKHFRPPHQFHPHQWRIFOLQLFDOV\PSWRPVW\SLFDOO\SUHFHGHVGHDWK
ZLWKLQPRQWKV WR\HDUV3ULRQ GLVHDVHV KDYH D UDQJH RI KXPDQDQG DQLPDO VSHFLHV DV WKHLU
QDWXUDOKRVWVDQGGLVSOD\OLPLWHG]RRQRWLFSRWHQWLDO7KHUHIRUHPXFKRIZKDWZHNQRZDERXW
WKHVH GLVHDVHV KDV EHHQ GHULYHG IURP WKH VWXG\ RI DQLPDO PRGHOV 7KRXJK QRW DOO SULRQ
GLVHDVHVKDYHEHHQSURYHQWREHWUDQVPLVVLEOHPDQ\RIWKHPLQFOXGLQJVKHHSVFUDSLHERYLQH
VSRQJLIRUPHQFHSKDORSDWK\%6(DQGPRVWKXPDQSULRQGLVHDVHVKDYHEHHQWUDQVPLWWHGWR
ODERUDWRU\ URGHQWV )URP WKHVH VWXGLHV XQGHUWDNHQ ZLWKLQ FRQWUROOHG ODERUDWRU\ FRQGLWLRQV
VXFKFRQFHSWVDVUHODWLYHLQIHFWLYLW\LQIHFWLRXVGRVHDQGSULRQGLVHDVHLQFXEDWLRQSHULRGKDYH
EHHQGHWHUPLQHGDQGVXEVHTXHQWO\VSHFXODWHGXSRQIRUKXPDQSULRQGLVHDVHV
3ULRQ GLVHDVHV DUH GLDJQRVHG FOLQLFDOO\ DFFRUGLQJ WR LQWHUQDWLRQDOO\ DJUHHG GHILQHG
FULWHULD DQG SDWKRORJLFDOO\ E\ QHXURQDO ORVV DQG VSRQJLIRUP GHJHQHUDWLRQ LQ WKH QHXURSLO
UHDFWLYHJOLDOUHVSRQVHVDQGGHSRVLWLRQRIWKHGLVHDVHDVVRFLDWHGLVRIRUPRIWKHSULRQSURWHLQ
3U3SULPDULO\ZLWKLQ WKHFHQWUDOQHUYRXVV\VWHP&16)LJXUH ,QYDULDQW&UHXW]IHOGW
-DNRE GLVHDVH Y&-' GLVHDVHDVVRFLDWHG 3U3 GHSRVLWLRQ DOVR RFFXUV LQ VSHFLILF WLVVXHV
WKURXJKRXWWKHERG\LQFOXGLQJDXWRQRPLFDQGVHQVRU\JDQJOLDZLWKLQWKHSHULSKHUDOQHUYRXV
V\VWHPDQGLQO\PSKRLGWLVVXHV)LJXUH$IXQGDPHQWDOGLDJQRVWLFPDUNHURIWKHVHGLVHDVHV
LV GHWHFWLRQ RI WKH SRVWWUDQVODWLRQDO FRQYHUVLRQ RU UHIROGLQJ RI WKH ODELOH QRUPDO KRVW
FHOOXODU 3U3 3U3& LQWR WKH UHODWLYHO\ VWDEOH SURWHDVHUHVLVWDQW GLVHDVHVSHFLILF LVRIRUP
Page 2 of 36
John Wiley and Sons, Inc.
Clinical Anatomy
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
ϯ


3U3GPRUHFRPPRQO\UHIHUUHGWRDV3U36FQDPHGDIWHUVFUDSLHWKHSURWRW\SLFSULRQGLVHDVH
REVHUYHGLQVKHHS7KHSULRQLQIHFWLRXVDJHQWDQG3U3GDUHHTXLYDOHQWDFFRUGLQJWRWKHSULRQ
K\SRWKHVLV 3UXVLQHU  ZKLFK SURSRVHG WKDW WKH SULRQ LQIHFWLRXV DJHQW PD\ FRQVLVW
VROHO\RIDEQRUPDOO\IROGHGKRVWSURWHLQ:KLOHWKLVK\SRWKHVLVLVVWLOOWREHSURYHQLWLVFOHDU
WKDWSULRQVDUHXQLTXHLQIHFWLRXVDJHQWVZKLFKDUHLQFUHGLEO\UHVLOLHQWWRPDQ\VWDQGDUGIRUPV
RIGLVLQIHFWLRQRUGHFRQWDPLQDWLRQ%URZQHWDO$VVXFKWKH\PD\SHUVLVWZLWKLQWKHLU
KRVWDIWHUGHDWKDQGZLWKLQWKHHQYLURQPHQWIROORZLQJFRQWDPLQDWLRQ*HRUJVVRQHWDO
DQG WKHUHIRUHKXPDQSULRQGLVHDVHV UHSUHVHQWDSRWHQWLDO ULVN IRUSULRQ WUDQVPLVVLRQGXULQJ
DQDWRPLFDOGLVVHFWLRQ)LJXUH
+XPDQ SULRQ GLVHDVHV KDYH FROOHFWLYHO\ EHHQ LGHQWLILHG DQG GHVFULEHG RYHU WKH
SUHYLRXV  \HDUV DQG FDQ EH FODVVLILHG DFFRUGLQJ WR QXPHURXV FULWHULD 7DEOH  ,Q WKH
¶V WKH *HUPDQ QHXURSDWKRORJLVWV +DQV *HUKDUG &UHXW]IHOGW DQG $OIRQV 0DULD -DNRE
VHSDUDWHO\ LGHQWLILHG DQG GHVFULEHG JURXSV RI SDWLHQWV ZLWK SURJUHVVLYH QHXURGHJHQHUDWLRQ
OHQGLQJ WKH QDPH&UHXW]IHOGW-DNRE GLVHDVH &-' WR WKH FRQGLWLRQV REVHUYHG &UHXW]IHOGW
 -DNRED E ,Q -RVHI*HUVWPDQQ(UQVW6WUlXVVOHUDQG ,O\D6FKHLQNHU
GHVFULEHG DQ LQKHULWHG IRUP RI VSLQRFHUHEHOODU DWD[LD ZLWK D GLVWLQFW QHXURSDWKRORJLFDO
SKHQRW\SHWKDWGLGQRWDSSHDU WREHUHODWHGWR&-'WHUPHG*HUVWPDQQ6WUlXVVOHU6FKHLQNHU
*66 GLVHDVH *HUVWPDQQ HW DO  .XUX ZDV ILUVW GHVFULEHG LQ WKH ¶V IROORZLQJ
REVHUYDWLRQ RI WKH )RUH SHRSOH RI 1HZ *XLQHD E\ $XVWUDOLDQ DGPLQLVWUDWRUV DQG
DQWKURSRORJLVWVDQGZDVVXEVHTXHQWO\LQYHVWLJDWHGE\'UV=LJDVDQG*DMGXVHN*DMGXVHNDQG
=LJDV0RUHUHFHQWO\WKHJHQHWLFSULRQGLVHDVHIDWDOIDPLOLDOLQVRPQLDZDVGHVFULEHGLQ
WKHPLG ¶V /XJDUHVL HW DO  DQGD ]RRQRWLF GLVHDVHQRZNQRZQDV YDULDQW&-'
Y&-' LGHQWLILHG LQ WKH8. LQ WKHPLG ¶V :LOO HW DO  ,Q  D QRYHO SULRQ
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GLVHDVH QRZ UHIHUUHG WR DV YDULDEO\ SURWHDVH VHQVLWLYH SULRQRSDWK\ ZDV DOVR GHVFULEHG
*DPEHWWLHWDO
,Q WKLV UHYLHZZHGLVFXVVSULRQGLVHDVHVJURXSHGE\ FDXVDWLRQDV WKHVHPD\KDYH D
VWURQJGHWHUPLQDQWHIIHFWXSRQWKHWLVVXHGLVWULEXWLRQVRIWKHLQIHFWLRXVDJHQWDWWKHHQGVWDJH
RIGLVHDVH
 
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&DXVDWLRQRI+XPDQ3ULRQ'LVHDVHV
,GLRSDWKLF±,GLRSDWKLFRUPRUHFRPPRQO\WHUPHGVSRUDGLFSULRQGLVHDVHVDULVHIURP
DQXQNQRZQFDXVHDQGDFFRXQWIRUDURXQGRIDOOKXPDQSULRQGLVHDVHFDVHV7KHVH
DUHH[SODLQDEOHZLWKLQ WKHSULRQK\SRWKHVLVHLWKHUDV VSRQWDQHRXV VRPDWLFPXWDWLRQVZLWKLQ
WKH3513JHQHZKLFKHQFRGHV3U3RUVWRFKDVWLF3U3PLVIROGLQJHYHQWVRURWKHUHSLJHQHWLF
SKHQRPHQRQZKLFK DULVH GXH WR FXUUHQWO\ XQLGHQWLILDEOH FRQGLWLRQV 6SRUDGLF KXPDQ SULRQ
GLVHDVH DUH FODVVLILHG DFFRUGLQJ WR WKHLU FOLQLFDO DQG QHXURSDWKRORJLFDO IHDWXUHV LQWR WZR
JURXSV VSRUDGLF &-' V&-' RU VSRUDGLF IDWDO LQVRPQLD V), ,Q WKHVH VSRUDGLF GLVHDVHV
LQIHFWLRXVSULRQVDUHODUJHO\FRQILQHGWR&16WLVVXHV*ODW]HOHWDO+HDGHWDO
:DGVZRUWKHWDOVXJJHVWLYHRIDVSRQWDQHRXVLQWHUQDOVRXUFHRILQIHFWLRQV&-'LVWKH
PRVWFRPPRQRIWKHKXPDQSULRQGLVHDVHDQGPD\DFFRXQWIRUXSWRRIDOOFDVHV8QOLNH
RWKHUQHXURGHJHQHUDWLYHFRQGLWLRQVV&-'SUHVHQWVZLWKH[WHQVLYHKHWHURJHQHLW\DQGKDVEHHQ
FODVVLILHG DQG VXEFODVVLILHG DV RXU NQRZOHGJH DQG DQDO\VLV RI WKH FOLQLFDO SUHVHQWDWLRQ
JHQHWLF YDULDWLRQ QHXURSDWKRORJ\ DQG 3U3 ELRFKHPLVWU\ KDYH DGYDQFHG *DPEHWWL HW DO
3DUFKLHWDO3DUFKLHWDO$OWKRXJKWKHDJHUDQJHRIV&-'LVYHU\EURDG
EHWZHHQDQG\HDUVROGWKHPHGLDQDJHDWGHDWKLVDURXQG\HDUVRIDJHDQGPDQ\
VWXGLHVUHSRUW LQFUHDVHGLQFLGHQFHVDWDJHV!\HDUV=HUUDQG3RVHU6SRUDGLFIDWDO
LQVRPQLDLVUDUHUHSUHVHQWLQJDURXQGRIDOOVSRUDGLFSULRQGLVHDVHFDVHVDQGKDVDQDJH
UDQJH RI  \HDUV PHDQ DJH RI RQVHW LV  \HDUV DQG D PHDQ GXUDWLRQ RI  PRQWKV
*DPEHWWLHWDO
*HQHWLF ± *HQHWLF SULRQ GLVHDVH LV WKH VHFRQGPRVW IUHTXHQW IRUP RI KXPDQ SULRQ
GLVHDVH DFFRXQWLQJ IRU DURXQGRI FDVHV:KLOH WKH IDPLOLDO SULRQGLVHDVHVKDYH
PDLQ SKHQRW\SHV IDPLOLDO I&-' *66 DQG )), VRPH UDUH YDULDQWV VKRZ GLIIHUHQW
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SKHQRW\SHV VXFK DV SULRQ SURWHLQ FHUHEUDO DP\ORLG DQJLRSDWK\ 3U3&$$ *KHWWL HW DO
'LVHDVHLQFLGHQFHLVUDUHLQWHUPVRIWKHJHQHUDOSRSXODWLRQEXWVLQFHJHQHWLFKXPDQ
SULRQGLVHDVHVDUHLQKHULWHGDVDXWRVRPDOGRPLQDQWGLVRUGHUVWKHIUHTXHQF\RIFDUULHUVRIWKH
FDXVDWLYHPXWDWLRQV LQ WKH SULRQ SURWHLQ JHQH 3513 PD\ EH H[WUHPHO\ KLJK LQ DIIHFWHG
IDPLOLHV  3KHQRW\SLF YDULDWLRQ RFFXUV LQ JHQHWLF KXPDQ GLVHDVHV LQ SDUWLFXODU WKH DJH DW
GLVHDVHRQVHWLVYDULDEOHDQGQRWDOOFDUULHUVRI3513PXWDWLRQVGHYHORSV\PSWRPVRIJHQHWLF
SULRQ GLVHDVH SDUWLFXODUO\ LI WKH\ VXFFXPE WR DQ XQUHODWHG GLVRUGHU EHIRUH SULRQ GLVHDVH
RQVHW$PDMRULQIOXHQFHRQWKHSKHQRW\SLFYDULDELOLW\LQKXPDQSULRQGLVHDVHVLVWKHHIIHFWRI
WKHSRO\PRUSKLVPDW FRGRQ LQ WKH3513JHQHRQ WKHPXWDQWDOOHOHZKLFKFDQHQFRGH
HLWKHUPHWKLRQLQHRUYDOLQH2QHH[DPSOHRIWKLVLVWKHGLVHDVH)),ZKLFKKDVDQDJHUDQJHRI
\HDUVROGZLWKDPHDQDJHRIRQVHWRI\HDUVRIDJH<XHWDO)),LVFDXVHG
E\ WKH '1PXWDWLRQ ZKHQ LQ DVVRFLDWLRQ ZLWK PHWKLRQLQH DW3513 FRGRQ  RQ WKH
PXWDQW DOOHOH&DUULHUV RI WKH'1PXWDWLRQZLWK YDOLQH DW WKH3513 FRGRQ  RQ WKH
PXWDQW DOOHOH ZHUH RULJLQDOO\ GHVFULEHG DV KDYLQJ I&-' RQ WKH EDVLV RI WKHLU FOLQLFDO DQG
SDWKRORJLFDO IHDWXUHV ZKLFK UHVHPEOHG WKRVH RI VSRUDGLF &-' DOWKRXJK SKHQRW\SLF
YDULDELOLW\RFFXUVZLWKLQDIIHFWHGIDPLOLHV=DUUDQ]HWDO7KHPHDQGLVHDVHGXUDWLRQLV
VLJQLILFDQWO\ VKRUWHU  PRQWKV LQ LQGLYLGXDOV KRPR]\JRXV IRU WKH GLVHDVH FDXVLQJ
PXWDWLRQWKDQLQKHWHUR]\JRXVLQGLYLGXDOVPRQWKV3DGRYDQLHWDOVXJJHVWLQJ
DJHQHGRVDJHHIIHFW
$FTXLUHG =RRQRWLF ± 3ULRQ GLVHDVH DPRQJVW VSHFLHV RWKHU WKDQ KXPDQV KDYH EHHQ
ZHOO GRFXPHQWHG DQG PDQ\ KDYH EHHQ VKRZQ WR EH FRQWDJLRXV DQG FDQ UDSLGO\ IRUP
HSLGHPLFV 'HWZLOHU DQG %D\OLV  'XFURW HW DO  0LOOHU DQG :LOOLDPV 
+LVWRULFDOO\ WKHROGHVWDQGPRVWVWXGLHGRI WKHVHLV WKHGLVHDVHVFUDSLHLQUXPLQDQWVVXFKDV
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
VKHHS DQG JRDWV 0F*RZDQ  :LWKLQ WKH 6FRWWLVK VKHHS SRSXODWLRQ VFUDSLH ZDV
HIIHFWLYHO\ DFFLGHQWDOO\GLVVHPLQDWHGE\ DYDFFLQDWLRQSURJUDPPHDJDLQVW ORXSLQJLOO YLUXV
XVLQJDYDFFLQHIRUPXODWHGIURPWLVVXHVLQFOXGLQJVKHHS&16DQGVSOHHQ7KLVYDFFLQHZDV
GHGXFHG ODWHU WR KDYH FRQWDLQHG WKH FDXVDWLYH DJHQW RI VFUDSLH IXUWKHU FRQIRXQGHG E\ WKH
DELOLW\RIVFUDSLHWREHFRPHFRQWDJLRXVZLWKLQDIIHFWHGIORFNVE\HQYLURQPHQWDO*RXJKDQG
0DGGLVRQ  0DGGLVRQ HW DO  KRUL]RQWDO (YRQLXN HW DO  DQG YHUWLFDO
WUDQVPLVVLRQ )RVWHUHW DO +RLQYLOOHHW DO6FUDSLH LV FRQVLGHUHG WR UHSUHVHQW
QHJOLJLEOHULVNWRWKHKXPDQSRSXODWLRQDVLWDSSHDUVQRWWREHLQIHFWLRXVWRKXPDQV%DUULDHW
DO  ,Q 1RUWK $PHULFD ERWK WKH QDWLYH DQG IDUPHG GHHU DQG HON SRSXODWLRQV DUH
FXUUHQWO\ VXIIHULQJ WKH QDWXUDO UDSLG VSUHDG RI FKURQLF ZDVWLQJ GLVHDVH &:' :KHWKHU
&:'KDV WKHSRWHQWLDO WREH LQIHFWLRXV WRKXPDQV LVXQFHUWDLQDQG LV DQ LPSRUWDQWFXUUHQW
FRQFHUQ%HOD\HWDO
%RYLQHVSRQJLIRUPHQFHSKDORSDWK\%6(LVDSULRQGLVHDVHILUVWLGHQWLILHGLQLQ
WKH 8. FDWWOH SRSXODWLRQ %UXFH HW DO  +RSH HW DO  %6( UHDFKHG HSLGHPLF
SURSRUWLRQV ZLWKLQ WKH 8. FDWWOH SRSXODWLRQ LQ WKH V UHVXOWLQJ LQ VLJQLILFDQW
FRQWDPLQDWLRQRIWKH8.IRRGFKDLQZLWK%6(SULRQVDQGH[SRVXUHWRWKHKXPDQSRSXODWLRQ
YLDWKHFRQVXPSWLRQRI%6(FRQWDPLQDWHGPHDWSURGXFWV)ROORZLQJWKHHPHUJHQFHRI%6(
Y&-'ZDV ILUVW UHSRUWHG LQ WKH8. LQ WKHVXEVHTXHQWO\DFFRXQWLQJ IRUDURXQGRU
OHVV RI WRWDO KXPDQ SULRQ GLVHDVH FDVHV LQ WKH8. ZZZFMGHGDFXN7KH HYLGHQFH IURP
WUDQVPLVVLRQ VWXGLHV WR ODERUDWRU\PLFHDQG3U3ELRFKHPLFDODQDO\VLV LVFRQVLVWHQWZLWK WKH
K\SRWKHVLVWKDWY&-'UHSUHVHQWV%6(LQIHFWLRQLQKXPDQV%UXFHHWDO&ROOLQJHHWDO
 7KH PDLQ GLVWLQJXLVKLQJ IHDWXUHV RI Y&-' DV RSSRVHG WR V&-' DUH WKH FOLQLFDO
SUHVHQWDWLRQ D \RXQJ DJHDW FOLQLFDO RQVHW PHDQ DJHRI RQVHW \HDUV IRUY&-'YV
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
\HDUV IRU V&-' DQG WKH VSHHG DWZKLFK WKH GLVHDVH SURJUHVVHV IURP FOLQLFDO V\PSWRPV WR
GHDWKPRQWKVIRUY&-'YVPRQWKVIRUV&-'%HOD\DQG6FKRQEHUJHU,Q
NHHSLQJ ZLWK DQ RUDO URXWH RI WUDQVPLVVLRQ JXWDVVRFLDWHG O\PSKRLG WLVVXHV WKH
O\PSKRUHWLFXODU V\VWHP DQG D ZLGH YDULHW\ RI RWKHU WLVVXHV WKURXJKRXW WKH ERG\ RI Y&-'
LQIHFWHG LQGLYLGXDOV FDQ UHYHDO DSSUHFLDEOH OHYHOV RI LQIHFWLRXV DJHQW %UXFH HW DO 
+HDGHWDO-RLQHUHWDO1RWDULHWDO:DGVZRUWKHWDO:DGVZRUWK
HWDOVHHDOVR)LJXUHDQG7DEOH
$FTXLUHG ± ,DWURJHQLF ,DWURJHQLF &-' LV FDXVHG E\ WKH DFFLGHQWDO WUDQVPLVVLRQ RI
SULRQV IURP SHUVRQ WR SHUVRQ GXULQJ PHGLFDO RU VXUJLFDO SURFHGXUHV 6HYHUDO URXWHV RI
WUDQVPLVVLRQ KDYH EHHQ LPSOLFDWHG VXFK DV D FRUQHDO WUDQVSODQW IURP D GRQRU ZLWK V&-'
'XII\ HW DO  RU KXPDQ GXUDPDWHU JUDIWV IURP D FRQWDPLQDWHG FRPPHUFLDO VRXUFH
7KDGDQLHWDOWKDWKDYHUHVXOWHGLQRYHULDWURJHQLFLQIHFWLRQVZRUOGZLGH7KHXVH
RI KXPDQ SLWXLWDU\ KRUPRQHV JURZWK KRUPRQH DQG JRQDGRWURSKLQ GHULYHG IURP SLWXLWDU\
JODQGV REWDLQHG SRVWPRUWHP KDV DOVR UHVXOWHG LQ RYHU  FDVHV RI LDWURJHQLF &-'
ZRUOGZLGH ZLWK LQFXEDWLRQ SHULRGV H[WHQGLQJ RYHU  \HDUV VHH %URZQ HW DO  IRU
UHYLHZ,QFRQWUDVWWKHUHXVHRIQHXURVXUJLFDOLQVWUXPHQWVDQGLQWUDFHUHEUDOHOHFWURGHVXVHG
RQ&-'DIIHFWHGSDWLHQWV%HUQRXOOLHWDOKDVLQFRQWUDVWUHVXOWHGLQVPDOOHUQXPEHUV
RI WKRVH EHLQJ H[SRVHG LQIHFWHG RU UHPDLQLQJ DW ULVN RI SRWHQWLDO LQIHFWLRQ ,DWURJHQLF
WUDQVPLVVLRQ RI Y&-' LQIHFWLRQ YLD EORRG WUDQVIXVLRQ LQ KXPDQ SDWLHQWV KDV UHFHQWO\ EHHQ
UHSRUWHG/OHZHO\QHWDO3HGHQHWDO:URHHWDODORQJZLWKWUDQVPLVVLRQYLD
LQIHFWHG EORRGGHULYHG SURGXFWV LQ D KDHPRSKLOLD SDWLHQW LQ WKH 8. 3HGHQ HW DO 
%ORRG WUDQVIXVLRQ LV QRW DVVRFLDWHG ZLWK V&-' WUDQVPLVVLRQ IXUWKHU KLJKOLJKWLQJ WKH
LPSRUWDQWGLIIHUHQFHVEHWZHHQY&-'DQG&-'LQWHUPVRIWKHWLVVXHGLVWULEXWLRQRILQIHFWLYLW\
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
$FTXLUHG ± .XUX .XUX ZDV UHVWULFWHG WR WKH )RUH SHRSOH RI 1HZ *XLQHD DQG LV
K\SRWKHVLVHGWREHVSUHDGE\ULWXDOFDQQLEDOLVPGXULQJZKLFKDVSDUWRIWKHLUGHDWKULWHVWKH
GHFHDVHGZHUHFRQVXPHGE\IDPLO\PHPEHUV1RWRQO\ZDVWKHUHSRWHQWLDOIRURUDOLQJHVWLRQ
RI NXUX LQIHFWHGPDWHULDO EXW HSLGHPLRORJLFDO HYLGHQFH VXJJHVWV WKDW ZRPHQ DQG FKLOGUHQ
H[SHULHQFHGKLJKHU LQFLGHQFHRINXUXGXH WR WKHLU FRQVXPSWLRQRIKLJK ULVN WLVVXHVVXFKDV
EUDLQPDWHULDOIURPGHFHDVHGLQIHFWHGLQGLYLGXDOV*DMGXVHNDQG=LJDV.XUXLVQRZ
FRQVLGHUHGH[WLQFWGXHWRFKDQJHVLQWKHVHULWXDOSUDFWLFHVDGRSWHGLQWKH¶VSUHYHQWLQJ
WKHFRQVXPSWLRQRIWKHGHFHDVHGDQGWKHUHE\WUDQVIHURILQIHFWLRQ+RZHYHURFFDVLRQDONXUX
FDVHVKDYHVLQFHEHHQUHSRUWHGDQGVXJJHVWLQFXEDWLRQSHULRGVPD\LQVRPHFDVHVEHRYHU
\HDUV &ROOLQJH HW DO  )ROORZLQJ WKH HSLGHPLF WKHUH LV VRPH LQGLFDWLRQ WKDW JHQHWLF
VHOHFWLRQIRUQDWXUDOUHVLVWDQFHWRNXUXLQIHFWLRQKDVRFFXUUHGZLWKLQWKHDIIHFWHGSRSXODWLRQ
$WNLQVHWDO0HDGHWDO
 
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
,QFLGHQFHDQGGLVHDVHVXUYHLOODQFH
 ,QFLGHQFH7KHLQFLGHQFHRISULRQGLVHDVHVLVXVXDOO\H[WUHPHO\UDUH6SRUDGLF&-'LV
WKH FRPPRQHVW IRUP RI WKH GLVHDVH DFFRXQWLQJ IRU DURXQG  RI DOO FDVHV &DVHV RI
V&-'DUHHVWLPDWHGWRRFFXUHDFK\HDUDWEHWZHHQWRLQGLYLGXDOVSHUPLOOLRQSHRSOH
ZRUOGZLGH*HOSLHWDO*XEEHOVHWDO+HLQHPDQQHWDO/DLDQG7VHQJ
1R]DNLHWDO6WRHFNHWDOVHHDOVR7DEOH*HQHWLFGLVHDVHVDFFRXQW
IRURIDOOFDVHVDQGJHQHUDOO\RFFXUDVDXWRVRPDOGRPLQDQWGLVRUGHUV$FTXLUHGSULRQ
GLVHDVHDFFRXQWIRUOHVVWKDWRIDOOFDVHV7DEOH
(SLGHPLRORJLFDOLQYHVWLJDWLRQVLQWRDFTXLUHGSULRQGLVHDVHVLQGLFDWHWKDWNXUXZKLOVW
UHVWULFWHGWRWKH)RUHSHRSOHRI1HZ*XLQHDZDVVSUHDGHIILFLHQWO\DPRQJIDPLOLHVE\ULWXDO
FDQQLEDOLVPDQGFRQVXPSWLRQRIEUDLQWLVVXH*DMGXVHNDQG=LJDV7KH]RRQRWLFY&-'
HSLGHPLFLVFXUUHQWO\XQGHUDQXQHDV\KLDWXVZKLFKKDVOHIWDQHVWLPDWHGLQRI
WKH8.SRSXODWLRQ DV SRWHQWLDO FDUULHUV RI Y&-' DV GHWHUPLQHG E\ HSLGHPLRORJLFDO VWXGLHV
DQGIURPWKHUHWURVSHFWLYHVFUHHQLQJRIDSSHQGL[DQGWRQVLOWLVVXHV&ODUNHDQG*KDQL
&OHZOH\ HW DO *LOO HW DO +LOWRQ HW DO +3$&RQWUROPHDVXUHV
FRPELQLQJ LPSURYHG UHFRJQLWLRQ RI SRWHQWLDOO\ LQIHFWHG SHUVRQV ZLWK QHZ GLVLQIHFWLRQ
PHWKRGVIRUIUDJLOHVXUJLFDOLQVWUXPHQWVDQGELRORJLFDOSURGXFWVSXWLQSODFHWRSUHYHQWWKH
LDWURJHQLF VSUHDG RI V&-' DQG Y&-'DSSHDU WRKDYHEHHQ VXFFHVVIXO %URZQ HW DO 
+XPDQ SULRQ GLVHDVHV DSSHDU QRW WR EH FRQWDJLRXV UHTXLULQJ LQJHVWLRQ RU LQRFXODWLRQ RI
LQIHFWHG WLVVXHV RU FRQWDPLQDWHG QHXURVXUJLFDO LQVWUXPHQWV IRU WUDQVPLVVLRQ VRPH RI WKH
JHQHWLFSULRQGLVHDVHVKDYHVWLOOQRW\HWEHHQSURYHQWREHH[SHULPHQWDOO\WUDQVPLVVLEOH

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
 'LVHDVHVXUYHLOODQFH+XPDQSULRQGLVHDVHVDUHGLDJQRVHGDFFRUGLQJWRLQWHUQDWLRQDOO\
DJUHHG FULWHULD SXEOLVKHG E\ WKH:RUOG+HDOWK2UJDQLVDWLRQ $SSHQGL[  3DWLHQWV FDQ EH
FODVVLILHG DV ³SRVVLEOH´ ³SUREDEOH´ RU ³GHILQLWH´ DFFRUGLQJ WR WKH UHVXOWV RI FOLQLFDO DQG
SDWKRORJLFDO LQYHVWLJDWLRQV $ GLDJQRVLV RI GHILQLWH SULRQ GLVHDVH LV FRQILUPHG YLD
QHXURSDWKRORJLFDO DQDO\VLV 7KH SUDFWLFHV DQG JXLGHOLQHV IRU VXFK µKLJKULVN¶
QHXURSDWKRORJLFDO DXWRSVLHV KDYH EHHQ VXEMHFWHG WR FULWLFDO UHYLHZ LQ OLJKW RI WKH Y&-'
HSLGHPLFLQWKH8.,URQVLGHDQG%HOO
5HVHDUFKLQWRKXPDQSULRQGLVHDVHVKDVEHHQPDGHSRVVLEOHYLDLQRFXODWLRQRIEUDLQ
PDWHULDO IURP SDWLHQWV LQWR ODERUDWRU\ DQLPDOV VXFK DV QRQKXPDQ SULPDWHV RU URGHQWV
ELRDVVD\DQGVXEVHTXHQWFOLQLFDODQGQHXURSDWKRORJLFDODQDO\VLVDUHXVHGDVFRQILUPDWLRQRI
GLVHDVH WUDQVPLVVLRQ+RZHYHUDURXQGRIV&-'DQGRI*66FDVHVKDYHIDLOHG WR
WUDQVPLW WR ODERUDWRU\ URGHQWV %UXFHHWDO1RQQRHWDO7HOOLQJHWDO
:KLOHDWWHPSWVWRWUDQVPLW)),WRQRQKXPDQSULPDWHVIDLOHGRUZHUHLQFRQFOXVLYH%URZQHW
DOWKLVGLVHDVHKDVEHHQVXFFHVVIXOO\WUDQVPLWWHGWRODERUDWRU\URGHQWV7DWHLVKLHWDO
&OLQLFDOLQYHVWLJDWLRQJHQHWLFWHVWLQJIRUPXWDWLRQVLQWKH3513JHQHDVVRFLDWHGZLWK
IDPLOLDOGLVHDVHFHUHEURVSLQDOIOXLG&6)ELRPDUNHULQYHVWLJDWLRQDQGEUDLQLPDJLQJHLWKHU
PDJQHWLF UHVRQDQFH LPDJLQJ 05, RU HOHFWURHQFHSKDORJUDP ((* PD\ DOO LQIRUP WKH
GLDJQRVWLF SURFHVV +LVWRULFDOO\ WKH GLDJQRVLV RI SULRQ GLVHDVH LQ KXPDQ SDWLHQWV KDV EHHQ
FRQIRXQGHG E\ WKH VLPLODU QHXURORJLFDO SUHVHQWDWLRQV RI QXPHURXV GHPHQWLQJ LOOQHVVHV LQ
SDUWLFXODU$O]KHLPHU¶VGLVHDVH+DUDJXFKLHWDO0XUDPRWRHWDO7VFKDPSDHW
DO 7VXFKL\D HW DO  3LFN¶V GLVHDVH 3LHWULQL HW DO  3DUNLQVRQ¶V GLVHDVH
,LGD HW DO  /HZ\ ERG\ GLVHDVH +DUDJXFKL HW DO  7DUWDJOLD HW DO 
7VFKDPSDHWDODQGRWKHUWUHDWDEOHQHXURORJLFGLVRUGHUV&KLWUDYDVHWDO,WLV
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
WKHUHIRUH LPSHUDWLYH WKDW SULRQ GLVHDVH VXUYHLOODQFH FRQWLQXHVZLWKLQ WKHKXPDQ SRSXODWLRQ
ZRUOGZLGH
7KH SRVWPRUWHP XVH RI SDWLHQWV ZLWK GHPHQWLD IRU DQDWRPLFDO UHVHDUFK LV KHDYLO\
UHVWULFWHG +RZHYHU DV\PSWRPDWLF SDWLHQWV ZKR PD\ EH LQIHFWHG ZLWK SULRQV RU SDWLHQWV
VKRZLQJ HDUO\ EXW XQUHSRUWHG FOLQLFDO VLJQV UHFRUGHG ZLWK RWKHU PRUH FRPPRQ FDXVHV RI
GHDWKLQSDUWLFXODUVXGGHQGHDWKVHJVWURNHRUKHDUWIDLOXUHUHSUHVHQWDSRWHQWLDOULVNURXWH
RI H[SRVXUH RI SULRQLQIHFWHG KXPDQ PDWHULDO LQWR DQDWRPLFDO UHVHDUFK ODERUDWRULHV 7KH
DFFXUDF\RIGHDWKFHUWLILFDWHVDQGUHOLDELOLW\RISUHVXPSWLYHGLDJQRVLVLQQDWXUDOXQH[SHFWHG
GHDWKVUHYHDOXSWRRIUHFRUGHGFDXVHVRIGHDWKPD\EHLQFRUUHFW*LOODQG6FRUGL%HOOR
 1LHOVHQ HW DO  7KH GLVFUHSDQF\ EHWZHHQ GHDWK FHUWLILFDWH UHFRUGHG FDXVH RI
GHDWK DQG DFWXDO FDXVH RI GHDWK PD\ KDYH SURPSWHG WKH IDOOLQJ XVH RI DXWRSV\ DQG
SDWKRORJLFDOH[DPLQDWLRQWREH UHYHUVHG5RXOVRQHWDO +RZHYHUKRVSLWDODXWRSV\
UDWHVKDYHEHHQGHFOLQLQJLQWKH8.$\RXEDQG&KRZ86+R\HUWDQG-DSDQ
0DHGDHWDODQGDUHDWDQDOOWLPHORZRIWKH86+RVSLWDOGHDWKV&RQFHUQVLQ
WKH 86 DERXW LQDGHTXDWH LQIHFWLRQ FRQWURO DQG IDFLOLWLHV WR SHUIRUP EUDLQ DXWRSV\ RQ
VXVSHFWHG&-'SDWLHQWVKDYHEHHQVXJJHVWHGDVIDFWRUVGLVFRXUDJLQJDXWRSV\/LOOTXLVWHWDO
,QSUDFWLFHZLWKLQWKH8.WKLV LVQRW WKHFDVHDQGDXWRSV\UDWHVIRU OHJDOUHDVRQVDUH
KLJKDQGIRUVXVSHFWHGFDVHVRIKXPDQSULRQGLVHDVHDUHH[HPSODU\
)RU WKHSXUSRVHVRI DQDWRP\DQGSDWKRORJ\ WHDFKLQJ WKH8.'HSDUWPHQW RI+HDOWK
DGYLVRU\ FRPPLWWHH RQ GDQJHURXV SDWKRJHQV $&'3 76( VXEJURXS KDYH LVVXHG WKH
IROORZLQJ JXLGHOLQHV ³$QDWRP\ GHSDUWPHQWV DUH DGYLVHG QRW WR DFFHSW IRU WHDFKLQJ RU
UHVHDUFKSXUSRVHVERGLHVERG\SDUWVRURUJDQVIURPDQ\SDWLHQWV«´GHILQHGLQWKHVSHFLILF
ULVN FDWHJRULHV RXWOLQHG 7DEOH  ³'HSDUWPHQWV VKRXOG SURGXFH ORFDO SROLFLHV WR LGHQWLI\
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

ZKR LV UHVSRQVLEOH IRU FKHFNLQJ ZKHWKHU D SRWHQWLDO GRQRU PD\ EH LQ RQH RI WKH GHILQHG
FDWHJRULHV 7KH H[WHQW RI WKH FKHFNV QHFHVVDU\ ZLOO YDU\ ZLWK FLUFXPVWDQFHV EXW ZRXOG
QRUPDOO\ LQFOXGH FKHFNLQJ ZLWK WKRVH UHVSRQVLEOH IRU WKH GRQDWLRQ DQG WKH PHGLFDO VWDII
LQYROYHGLQWKHFDUHRIWKHGRQRU´)XUWKHULQIRUPDWLRQUHJDUGLQJKXPDQSULRQGLVHDVHVWKHLU
VXUYHLOODQFHDQGWKHPDQDJHPHQWRIWKHULVNVLQYROYHGLQZRUNLQJZLWKWKHPFDQEHIRXQGLQ
WKHRQOLQHUHVRXUFHVGHWDLOHGLQ$SSHQGL[,
 
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ϭϰ


7LVVXHGLVWULEXWLRQRISULRQLQIHFWLYLW\
 )RUKXPDQSULRQGLVHDVHV WKH:+2,QIHFWLRQ&RQWURO*XLGHOLQHVIRU7UDQVPLVVLEOH
6SRQJLIRUP(QFHSKDORSDWKLHV :+2 LGHQWLILHG VSHFLILF ULVN WLVVXHV IRU&-'7KHVH
JXLGHOLQHVZHUHHVWDEOLVKHGEHIRUHLWZDVUHSRUWHGWKDWSHULSKHUDORUJDQVVXFKDV WKHVSOHHQ
DQGWRQVLOVLQY&-'SDWLHQWVPD\KDUERXUVLJQLILFDQWOHYHOVRISULRQLQIHFWLYLW\%LVKRSHWDO
 %UXFH HW DO  3HGHQ DQG ,URQVLGH  DQG WKDW Y&-' PD\ KDYH EHHQ
WUDQVPLWWHGE\WKHWUDQVIXVLRQRIEORRGWREORRGSURGXFWVIURPDIIHFWHGGRQRUV/OHZHO\QHW
DO  3HGHQ HW DO :URH HW DO 7KH PDJQLWXGH RI SULRQ LQIHFWLYLW\ PD\ YDU\
KRZHYHUDVDUHFHQWFDVHRIY&-'KDVEHHQUHSRUWHGLQZKLFKH[WUHPHO\ORZOHYHOVRISULRQV
ZHUH IRXQG LQ O\PSKRUHWLFXODU WLVVXHV 0HDGHW DO7KH$&'376( VXEJURXSKDYH
VXEVHTXHQWO\LVVXHGJXLGHOLQHVRQULVNWLVVXHVIRUERWK&-'DQGY&-'VXPPDULVHGLQ7DEOH
 
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

7KHSRWHQWLDOIRUSULRQGHFRQWDPLQDWLRQ
,QHIIHFWLYH 3ULRQV DUH QRWRULRXVO\ UHVLVWDQW WR PDQ\ FRPPRQ IRUPV RI
GHFRQWDPLQDWLRQLQFOXGLQJXOWUDYLROHWOLJKWDQGLRQL]LQJUDGLDWLRQ$OSHUHWDO)LHOGHW
DO  *LEEV HW DO  7UHDWPHQWV ZLWK FRPPRQ IL[DWLYHV VXFK DV DOFRKRO
IRUPDOGHK\GH DQG JOXWDUDOGHK\GH DUH XQOLNHO\ WR FRPSOHWHO\ UHGXFH SULRQ LQIHFWLYLW\ LQ
KXPDQ WLVVXH HYHQ WKRXJK PDQ\ RI WKHP DUH HIIHFWLYH IRU PRUH FRQYHQWLRQDO LQIHFWLRXV
DJHQWV 7KHVH IL[DWLYHV JHQHUDOO\ UHVXOW LQ D UHGXFWLRQ RI OHVV WKDQ  ORJ GRVH LQ SULRQ
LQIHFWLYLW\ZLWKLQWLVVXHV
(IIHFWLYH 7UHDWPHQWV IRU WKH HIIHFWLYH GHFRQWDPLQDWLRQ RI SULRQ LQIHFWLYLW\ IURP
PDWHULDO DUH EDVHG XSRQ FKDRWURSLF GLVUXSWLRQ RI SURWHLQV VXFK DV LPPHUVLRQ LQ VRGLXP
K\GUR[LGHRUVRGLXPK\SRFKORULWH7KHVHVXEVWDQFHVDUHH[WUHPHO\FDXVWLFDQGKD]DUGRXVDQG
DUHKDQGOHGZLWKJUHDWFDUHDQGXVHGRQO\ZKHUHDEVROXWHO\QHFHVVDU\7KHVHDUHXVXDOO\PRVW
HIIHFWLYHZKHQFRPELQHGZLWKKHDWRUH[WUHPHVRIS+)RU WKHSUHVHUYDWLRQRIPDWHULDO IRU
KLVWRORJLFDORUDQDWRPLFDOH[DPLQDWLRQWKHXVHRIIRUPDOLQEDVHGIL[DWLRQZLWKDIRUPLFDFLG
WUHDWPHQW DSSHDUV WR EH WKH EHVW FRPSURPLVH EHWZHHQ UHGXFWLRQ LQ LQIHFWLRXV WLWUH DQG
UHWHQWLRQ RI WLVVXH VWUXFWXUH IRU KLVWRSDWKRORJLFDO DQDO\VLV :KHUH SRVVLEOH VLQJOHXVH
GLVSRVDEOHVXUJLFDORUGLVVHFWLRQ LQVWUXPHQWVVKRXOGEHXVHGDQGGLVSRVHGRIDFFRUGLQJO\
)XUWKHUGHWDLOVUHJDUGLQJHIIHFWLYHDQGLQHIIHFWLYHGHFRQWDPLQDWLRQWUHDWPHQWVDUHUHYLHZHGLQ
:HLQVWHLQHWDO)RUIXUWKHUGHWDLOVUHJDUGLQJWKH:+2GHFRQWDPLQDWLRQPHWKRGVIRU
SULRQFRQWDPLQDWHGPDWHULDOVHH$SSHQGL[,,
(IIHFWV RI WLVVXH IL[DWLRQ :KLOH WKH $&'3 JXLGHOLQHV VXJJHVW DYRLGDQFH RI
HPEDOPLQJSURFHGXUHVIROORZLQJGLDJQRVLVRI&-'RUY&-'WKHHIIHFWRIWLVVXHIL[DWLRQXSRQ
SULRQ WUDQVPLVVLELOLW\ KDV EHHQ VWXGLHG H[SHULPHQWDOO\ )RUPDOGHK\GH IL[DWLRQ FURVVOLQNV
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
SURWHLQVZLWKLQWKHWLVVXHVFUHDWLQJDPDWUL[$VVXFKIRUPDOGHK\GHEDVHGIL[DWLYHVJHQHUDOO\
UHGXFH SULRQ LQIHFWLYLW\ LQ WLVVXHV EXW GR UHVXOW LQ WKH UHWHQWLRQ RI GHWHFWDEOH DPRXQWV RI
LQIHFWLYLW\ DV VKRZQ IRU ERWK IRUPRO )UDVHU HW DO  DQG SHULRGDWHO\VLQH
SDUDIRUPDOGHK\GH 3/3 IL[HG 7D\ORU HW DO  WLVVXHV $Q\ DSSDUHQW HIIHFW RI WLVVXH
IL[DWLRQ LV OLNHO\WREH UHYHUVLEOHDVEUHDNLQJ WKHSURWHLQFURVVOLQNVPD\ OLEHUDWH LQIHFWLRXV
SULRQ PDWHULDO ,QGHHG GHWHFWDEOH SULRQ LQIHFWLYLW\ UHPDLQHG HYHQ DIWHU DXWRFODYLQJ RU
LQFLQHUDWLRQ RI IRUPDOGHK\GH IL[HG LQIHFWLRXVPDWHULDO %URZQ HW DO  ,W LV SODXVLEOH
WKDWWKHSURFHVVRIHPEDOPLQJWHUPLQDOO\DIIHFWHG&-'RUY&-'SDWLHQWVUHSUHVHQWVDULVNWR
WKHRSHUDWRUDQGDVVXFKLVGLVFRXUDJHGLQWKHFXUUHQW:+2JXLGHOLQHV$OWHUQDWLYHURXWHVRI
HPEDOPLQJ SULRQ GLVHDVH SDWLHQWV SRVW PRUWHP DUH UHFRPPHQGHG WR PLQLPLVH WKH ULVN RI
SULRQ WUDQVPLVVLRQ7KHHPEDOPLQJRISDWLHQWVQRWFDWHJRULVHG LQ7DEOHHYHQDFFRXQWLQJ
IRU SRWHQWLDO DV\PSWRPDWLF KXPDQ SULRQ GLVHDVH SDWLHQWV DUH FRQVLGHUHG WR UHSUHVHQW D
QHJOLJLEOHULVNIRUWKHWUDQVPLVVLRQRISULRQGLVHDVHWRWKHRSHUDWRU
 
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
&DVHVWXGLHV
 7KHRFFXUUHQFHRIV&-'ZLWKLQKHDOWKSURIHVVLRQDOVKDVEHHQDVVHVVHGDQGUHYLHZHG
$OFDOGH&DEHURHWDO7KLVVWXG\GHWHUPLQHG WKDWGHVSLWH UHSRUWVRI V&-'LQKHDOWK
SURIHVVLRQDOV WKH\RFFXUUHGDWH[SHFWHGUDWHVZKHQFRPSDUHG WR WKHSRSXODWLRQDVDZKROH
7KHVH VWXGLHV VXJJHVW KHDOWK SURIHVVLRQDOV ZHUH DW QR JUHDWHU ULVN RI GHYHORSLQJ V&-'
+RZHYHUWKLVUHYLHZHTXDOO\DGRSWHGWKHYLHZSRLQWWKDWVRPHSURIHVVLRQVDUHDVVRFLDWHGZLWK
DQLQFUHDVHGRFFXSDWLRQDOULVNRIH[SRVXUHWRSULRQGLVHDVHLQVSHFLILFFLUFXPVWDQFHV,QWKHVH
LQVWDQFHVDSSURSULDWHFDUHDQGSUHYHQWDWLYHPHDVXUHVVKRXOGFRQWLQXH WREH WDNHQ WRDYRLG
LQFUHDVLQJ WKH ULVN RI SULRQ GLVHDVH WUDQVPLVVLRQ )RU IXUWKHU GHWDLOV UHJDUGLQJ WKH :+2
ZRUNLQJSUDFWLFHVIRUKHDOWKFDUHODERUDWRULHVVHH$SSHQGL[,,,)RUWKHSXUSRVHVRIDQDWRP\
WHDFKLQJWKHDGRSWLRQRIWKHJHQHUDOSURWHFWLYHPHDVXUHVRUVLPLODU*RRG/DERUDWRU\3UDFWLFH
JXLGHOLQHV VKRXOG EH VXIILFLHQW VR ORQJ DV WKH VRXUFLQJ RIPDWHULDOV IRU WHDFKLQJ SXUSRVHV
DYRLGVWKRVHSDWLHQWVFDWHJRULVHGLQ7DEOH
 
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

&RQFOXGLQJ5HPDUNV
 ,Q WKLV UHYLHZ ZH KDYH DWWHPSWHG WR SUHVHQW D EDODQFHG DQG FULWLFDO UHYLHZ RI WKH
FXUUHQWO\ DYDLODEOH GDWD UHJDUGLQJ WKH SRWHQWLDO ULVNV RI WUDQVPLVVLRQ RI SULRQ GLVHDVH IURP
KXPDQ FDGDYHULF PDWHULDO WR SHUVRQQHO ZRUNLQJ ZLWK RU KDQGOLQJ WKHVH PDWHULDOV 7KHVH
GLVHDVHVDUHH[WUHPHO\UDUHDQGWKHFXUUHQWZRUNLQJSUDFWLFHVRIDYRLGDQFHRIXVLQJFDGDYHUV
ZLWK NQRZQ GHPHQWLD DQG DYRLGDQFH RI VSHFLILF KLJKO\ LQIHFWLRXV WLVVXHV DSSHDU WR EH
VXIILFLHQWSUHYHQWDWLYHPHDVXUHV+RZHYHUWKHSRWHQWLDOULVNRISULRQGLVHDVHWUDQVPLVVLRQLV
VWLOO SUHVHQW DQGFRQWLQXHG VFUHHQLQJDQGDGKHUHQFH WRFXUUHQWZRUNLQJSUDFWLFHV VKRXOGEH
PDLQWDLQHGDWOHDVWDWWKHLUFXUUHQWOHYHOWRUHGXFHWKLVULVN
 
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
'LVFORVXUH
7KHILQGLQJVDQGFRQFOXVLRQVLQWKLVDUWLFOHKDYHQRWEHHQIRUPDOO\GLVVHPLQDWHGE\WKH)RRG
DQG 'UXJ $GPLQLVWUDWLRQ DQG VKRXOG QRW EH FRQVWUXHG WR UHSUHVHQW DQ\ $GPLQLVWUDWLRQ
GHWHUPLQDWLRQRUSROLF\

$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV VXSSRUWHG E\ SURMHFW DQG ,QVWLWXWH 6WUDWHJLF *UDQW IXQGLQJ IURP WKH
%LRWHFKQRORJLFDO DQG %LRORJLFDO 6FLHQFHV 5HVHDUFK &RXQFLO 7KH DXWKRUV ZLVK WR WKDQN
FROOHDJXHV DW 7KH 5RVOLQ ,QVWLWXWH DQG 5'696 7KH 8QLYHUVLW\ RI (GLQEXUJK DQG 7KH
1DWLRQDO&-'5HVHDUFK	6XUYHLOODQFH8QLWIRUWKHLUKHOSDQGDGYLFHZLWKWKLVPDQXVFULSWLQ
SDUWLFXODU 'U 'LDQH 5LWFKLH 7KH 8QLYHUVLW\ RI (GLQEXUJK IRU SKRWRPLFURJUDSKV XVHG LQ
)LJXUH


 
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ϮϬ


$SSHQGL[,
2QOLQHUHIHUHQFHVIRULQIRUPDWLRQUHJDUGLQJKXPDQSULRQGLVHDVHV
:RUOG+HDOWK2UJDQLVDWLRQ:+2
KWWSZZZZKRLQW]RRQRVHVGLVHDVHVSULRQBGLVHDVHVHQ
86$
KWWSZZZFGFJRYQFLGRGGYUGSULRQVLQGH[KWP
KWWSZZZFGFJRYQFLGRGGYUGFMGTDBFMGBLQIHFWLRQBFRQWUROKWP
KWWSZZZFMGVXUYHLOODQFHFRP
8.±7KHQDWLRQDO&-'UHVHDUFKDQGVXUYHLOODQFHXQLW1&-'568
KWWSZZZFMGHGDFXN
KWWSVZZZJRYXNJRYHUQPHQWSXEOLFDWLRQVJXLGDQFHIURPWKHDFGSWVHULVN
PDQDJHPHQWVXEJURXSIRUPHUO\WVHZRUNLQJJURXS
(XURSH
KWWSZZZHXURFMGHGDFXN
 $ PRUH GHWDLOHG UHYLHZ RI KXPDQ SULRQ GLVHDVH DQG WKHLU YDULRXV SDWKRORJLHV LV
DYDLODEOHLQ*UHHQILHOG¶V1HXURSDWKRORJ\/RYHHWDO
 
Page 20 of 36
John Wiley and Sons, Inc.
Clinical Anatomy
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
Ϯϭ


$SSHQGL[ ,, :+2 'HFRQWDPLQDWLRQ PHWKRGV IRU 7UDQVPLVVLEOH 6SRQJLIRUP
(QFHSKDORSDWKLHV:+2
7KHIROORZLQJUHFRPPHQGDWLRQVDUHEDVHGRQWKHEHVWDYDLODEOHHYLGHQFHDWWKLVWLPHDQGDUH
OLVWHG LQ RUGHU RI PRUH WR OHVV VHYHUH WUHDWPHQWV 7KHVH UHFRPPHQGDWLRQV PD\ UHTXLUH
UHYLVLRQLIQHZGDWDEHFRPHDYDLODEOH
,QFLQHUDWLRQ
8VHIRUDOOGLVSRVDEOHLQVWUXPHQWVPDWHULDOVDQGZDVWHV
3UHIHUUHGPHWKRGIRUDOOLQVWUXPHQWVH[SRVHGWRKLJKLQIHFWLYLW\WLVVXHV
$XWRFODYHFKHPLFDOPHWKRGVIRUKHDWUHVLVWDQWLQVWUXPHQWV
 ,PPHUVH LQ VRGLXP K\GUR[LGH 1D2+ DQG KHDW LQ D JUDYLW\ GLVSODFHPHQW DXWRFODYH DW
&IRUPLQFOHDQULQVHLQZDWHUDQGVXEMHFWWRURXWLQHVWHULOL]DWLRQ
,PPHUVHLQ1D2+RUVRGLXPK\SRFKORULWHIRUKUWUDQVIHULQVWUXPHQWVWRZDWHUKHDWLQD
JUDYLW\GLVSODFHPHQWDXWRFODYHDW&IRUKUFOHDQDQGVXEMHFWWRURXWLQHVWHULOL]DWLRQ
 ,PPHUVH LQ 1D2+ RU VRGLXP K\SRFKORULWH IRU  KU UHPRYH DQG ULQVH LQ ZDWHU WKHQ
WUDQVIHU WR RSHQ SDQ DQG KHDW LQ D JUDYLW\ GLVSODFHPHQW & RU SRURXV ORDG &
DXWRFODYHIRUKUFOHDQDQGVXEMHFWWRURXWLQHVWHULOL]DWLRQ
,PPHUVHLQ1D2+DQGERLOIRUPLQDWDWPRVSKHULFSUHVVXUHFOHDQULQVHLQZDWHUDQG
VXEMHFWWRURXWLQHVWHULOL]DWLRQ
,PPHUVHLQVRGLXPK\SRFKORULWHSUHIHUUHGRU1D2+DOWHUQDWLYHDWDPELHQWWHPSHUDWXUH
IRUKUFOHDQULQVHLQZDWHUDQGVXEMHFWWRURXWLQHVWHULOL]DWLRQ
$XWRFODYHDW&IRUPLQXWHV
&KHPLFDOPHWKRGVIRUVXUIDFHVDQGKHDWVHQVLWLYHLQVWUXPHQWV
)ORRGZLWK11D2+RUXQGLOXWHGVRGLXPK\SRFKORULWH OHW VWDQGIRUKUPRSXSDQG
ULQVHZLWKZDWHU
:KHUHVXUIDFHVFDQQRWWROHUDWH1D2+RUK\SRFKORULWHWKRURXJKFOHDQLQJZLOOUHPRYHPRVW
LQIHFWLYLW\ E\ GLOXWLRQ DQG VRPH DGGLWLRQDO EHQHILWPD\ EH GHULYHG IURP WKH XVH RI RQH RU
DQRWKHURIWKHSDUWLDOO\HIIHFWLYHPHWKRGV
$XWRFODYHFKHPLFDOPHWKRGVIRUGU\JRRGV
6PDOOGU\JRRGV WKDW FDQZLWKVWDQGHLWKHU1D2+RU VRGLXPK\SRFKORULWH VKRXOG ILUVWEH
LPPHUVHGLQRQHRUWKHRWKHUVROXWLRQDVGHVFULEHGDERYHDQGWKHQKHDWHGLQDSRURXVORDG
DXWRFODYHDW&IRUKU
 %XON\ GU\ JRRGV RU GU\ JRRGV RI DQ\ VL]H WKDW FDQQRWZLWKVWDQG H[SRVXUH WR1D2+ RU
VRGLXPK\SRFKORULWHVKRXOGEHKHDWHGLQDSRURXVORDGDXWRFODYHDW&IRUKU
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
$SSHQGL[,,,:+2:RUNLQJ3UDFWLFHVIRUKHDOWKFDUHODERUDWRULHV:+2
*HQHUDOSURWHFWLYHPHDVXUHV
(DWLQJGULQNLQJVPRNLQJVWRULQJIRRGDQGDSSO\LQJFRVPHWLFVPXVWQRWEHSHUPLWWHGLQ
WKHODERUDWRU\ZRUNDUHDV
 /DERUDWRU\ FRYHUDOOV JRZQV RU XQLIRUPV PXVW EH ZRUQ IRU ZRUN DQG UHPRYHG EHIRUH
HQWHULQJQRQODERUDWRU\DUHDVFRQVLGHU WKHXVHRIGLVSRVDEOHJRZQVQRQGLVSRVDEOHJRZQV
PXVWEHGHFRQWDPLQDWHGE\DSSURSULDWHPHWKRGV
6DIHW\JODVVHV IDFH VKLHOGV YLVRUVRURWKHUSURWHFWLYHGHYLFHVPXVWEHZRUQZKHQ LW LV
QHFHVVDU\WRSURWHFWWKHH\HVDQGIDFHIURPVSODVKHVDQGSDUWLFOHV
 *ORYHV DSSURSULDWH IRU WKH ZRUN PXVW EH ZRUQ IRU DOO SURFHGXUHV WKDW PD\ LQYROYH
XQLQWHQWLRQDOGLUHFWFRQWDFWZLWKLQIHFWLRXVPDWHULDOV$UPRXUHGJORYHVVKRXOGEHFRQVLGHUHG
LQSRVWPRUWHPH[DPLQDWLRQVRULQWKHFROOHFWLRQRIKLJKLQIHFWLYLW\WLVVXHV
$OOJRZQVJORYHVIDFHVKLHOGVDQGVLPLODUUHXVDEOHRUQRQUHXVDEOHLWHPVPXVWEHHLWKHU
FOHDQHGXVLQJPHWKRGVVHWRXWLQ$QQH[,,,RUGHVWUR\HGDVSHU6HFWLRQ
 :KHUHYHU SRVVLEOH DYRLG RU PLQLPL]H WKH XVH RI VKDUSV QHHGOHV NQLYHV VFLVVRUV DQG
ODERUDWRU\JODVVZDUHDQGXVHVLQJOHXVHGLVSRVDEOHLWHPV
$OO WHFKQLFDO SURFHGXUHV VKRXOG EH SHUIRUPHG LQ DZD\ WKDWPLQLPL]HV WKH IRUPDWLRQRI
DHURVROVDQGGURSOHWV
:RUN VXUIDFHVPXVWEHGHFRQWDPLQDWHG DIWHU DQ\ VSLOO RI SRWHQWLDOO\ GDQJHURXVPDWHULDO
DQGDWWKHHQGRIWKHZRUNLQJGD\XVLQJPHWKRGVGHVFULEHGLQ6HFWLRQDQG$QQH[,,,
 $OO FRQWDPLQDWHG PDWHULDOV VSHFLPHQV DQG FXOWXUHV PXVW EH HLWKHU LQFLQHUDWHG RU
GHFRQWDPLQDWHG XVLQJPHWKRGV GHVFULEHG LQ 6HFWLRQ  DQG$QQH[ ,,, DQG6HFWLRQ  EHIRUH
GLVSRVDO
$OOVSLOOVRUDFFLGHQWVWKDWDUHRYHUWRUSRWHQWLDOH[SRVXUHVWRLQIHFWLRXVPDWHULDOVPXVWEH
UHSRUWHGLPPHGLDWHO\WRWKHODERUDWRU\VXSHUYLVRUDQGDZULWWHQUHFRUGUHWDLQHG
 7KH ODERUDWRU\ VXSHUYLVRU VKRXOG HQVXUH WKDW DGHTXDWH WUDLQLQJ LQ ODERUDWRU\ VDIHW\ LV
SURYLGHG

3UHFDXWLRQVIRUZRUNLQJZLWKKLJKDQGORZLQIHFWLYLW\WLVVXHVIURPSDWLHQWVZLWKNQRZQ
RUVXVSHFWHG76(V
:KHQHYHUSRVVLEOHDQGZKHUHDYDLODEOHVSHFLPHQVVKRXOGEHH[DPLQHGLQDODERUDWRU\RU
FHQWUHDFFXVWRPHGWRKDQGOLQJKLJKDQGORZLQIHFWLYLW\WLVVXHVLQSDUWLFXODUKLJKLQIHFWLYLW\
WLVVXHVSHFLPHQVVKRXOGEHH[DPLQHGE\H[SHULHQFHGSHUVRQQHOLQD76(ODERUDWRU\

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
6DPSOHVVKRXOGEHODEHOOHGµ%LRKD]DUG¶

6LQJOHXVHSURWHFWLYHFORWKLQJLVSUHIHUUHGDVIROORZV
OLTXLGUHSHOOHQWJRZQVRYHUSODVWLFDSURQ
JORYHVFXWUHVLVWDQWJORYHVDUHSUHIHUUHGIRUEUDLQFXWWLQJ
PDVN
YLVRURUJRJJOHV

8VHGLVSRVDEOHHTXLSPHQWZKHUHYHUSRVVLEOH

$OOGLVSRVDEOHLQVWUXPHQWVWKDWKDYHEHHQLQFRQWDFWZLWKKLJKLQIHFWLYLW\WLVVXHVVKRXOGEH
FOHDUO\LGHQWLILHGDQGGLVSRVHGRIE\LQFLQHUDWLRQ

8VHGLVSRVDEOHQRQSHUPHDEOHPDWHULDOWRSUHYHQWFRQWDPLQDWLRQRIWKHZRUNVXUIDFH7KLV
FRYHULQJDQGDOOZDVKLQJVZDVWHPDWHULDODQGSURWHFWLYHFORWKLQJVKRXOGEHGHVWUR\HGDQG
GLVSRVHGRIE\LQFLQHUDWLRQ

)L[DWLYHVDQGZDVWHIOXLGVPXVWEHGHFRQWDPLQDWHGE\DGHFRQWDPLQDWLRQPHWKRGGHVFULEHG
LQ6HFWLRQDQG$QQH[,,,RUDGVRUEHGRQWRPDWHULDOVVXFKDVVDZGXVWDQGGLVSRVHGRIE\
LQFLQHUDWLRQDVDKD]DUGRXVPDWHULDO

/DERUDWRULHVKDQGOLQJODUJHQXPEHUVRIVDPSOHVDUHDGYLVHGWRDGRSWPRUHVWULQJHQW
PHDVXUHVEHFDXVHRIWKHSRVVLELOLW\RILQFUHDVHGUHVLGXDOFRQWDPLQDWLRQHJUHVWULFWHGDFFHVV
ODERUDWRU\IDFLOLWLHVWKHXVHRIµGHGLFDWHG¶PLFURWRPHVDQGSURFHVVLQJODEZDUH
GHFRQWDPLQDWLRQRIDOOZDVWHVEHIRUHWUDQVSRUWRXWRIWKHIDFLOLW\IRULQFLQHUDWLRQ



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5HIHUHQFHV
W͘ϮϬϭϮƌĞǀŝƐĞĚ͘dƌĂŶƐŵŝƐƐŝďůĞ^ƉŽŶŐŝĨŽƌŵŶĐĞƉŚĂůŽƉĂƚŚǇŐĞŶƚƐ͗^ĂĨĞtŽƌŬŝŶŐĂŶĚƚŚĞ
WƌĞǀĞŶƚŝŽŶŽĨ/ŶĨĞĐƚŝŽŶ͗WĂƌƚϰ͘'ƵŝĚĂŶĐĞĨƌŽŵƚŚĞWd^ZŝƐŬDĂŶĂŐĞŵĞŶƚ^ƵďŐƌŽƵƉ
;ĨŽƌŵĞƌůǇd^tŽƌŬŝŶŐ'ƌŽƵƉͿ͘
ůĐĂůĚĞͲĂďĞƌŽ͕ůŵĂǌĄŶͲ/ƐůĂ:͕ƌĂŶĚĞů:W͕ƌĞŝƚŚĂƵƉƚD͕ĂƚĂƌŝŶŽ:͕ŽůůŝŶƐ^͕,ĂǇďćĐŬ:͕
,ƂĨƚďĞƌŐĞƌZ͕<ĂŚĂŶĂ͕<ŽǀĂĐƐ''͕>ĂĚŽŐĂŶĂ͕DŝƚƌŽǀĂ͕DŽůĞƐǁŽƌƚŚ͕EĂŬĂŵƵƌĂz͕
WŽĐĐŚŝĂƌŝD͕WŽƉŽǀŝĐD͕ZƵŝǌͲdŽǀĂƌD͕dĂƌĂƚƵƚŽ>͕ǀĂŶƵŝũŶ͕zĂŵĂĚĂD͕tŝůůZ'͕Ğƌƌ/͕
ĚĞWĞĚƌŽƵĞƐƚĂ:͘ϮϬϭϮ͘,ĞĂůƚŚƉƌŽĨĞƐƐŝŽŶƐĂŶĚƌŝƐŬŽĨƐƉŽƌĂĚŝĐƌĞƵƚǌĨĞůĚƚʹ:ĂŬŽďĚŝƐĞĂƐĞ͕
ϭϵϲϱƚŽϮϬϭϬ͘ƵƌŽƐƵƌǀĞŝůůĂŶĐĞϭϳ͘
ůƉĞƌd͕ƌĂŵƉt͕,ĂŝŐ͕ůĂƌŬĞD͘ϭϵϲϳ͘ŽĞƐƚŚĞŐĞŶƚŽĨ^ĐƌĂƉŝĞZĞƉůŝĐĂƚĞǁŝƚŚŽƵƚEƵĐůĞŝĐ
ĐŝĚ͍EĂƚƵƌĞϮϭϰ͗ϳϲϰͲϳϲϲ͘
ƚŬŝŶƐ<͕dŽǁŶƐĞŶĚ:W͕DĞĚůŽĐŬ:͕'ĂůǀĂŶŝW͘ϮϬϭϯ͘ƉŝĚĞŵŝŽůŽŐŝĐĂůŵĞĐŚĂŶŝƐŵƐŽĨŐĞŶĞƚŝĐ
ƌĞƐŝƐƚĂŶĐĞƚŽŬƵƌƵ͘:ŽƵƌŶĂůŽĨdŚĞZŽǇĂů^ŽĐŝĞƚǇ/ŶƚĞƌĨĂĐĞϭϬ͘
ǇŽƵďd͕ŚŽǁ:͘ϮϬϬϴ͘dŚĞĐŽŶǀĞŶƚŝŽŶĂůĂƵƚŽƉƐǇŝŶŵŽĚĞƌŶŵĞĚŝĐŝŶĞ͘:ŽƵƌŶĂůŽĨƚŚĞZŽǇĂů^ŽĐŝĞƚǇ
ŽĨDĞĚŝĐŝŶĞϭϬϭ͗ϭϳϳͲϭϴϭ͘
ĂƌƌŝĂD͕ĂůĂĐŚĂŶĚƌĂŶ͕DŽƌŝƚĂD͕<ŝƚĂŵŽƚŽd͕ĂƌƌŽŶZ͕DĂŶƐŽŶ:͕<ŶŝŐŚƚZ͕/ƌŽŶƐŝĚĞ:t͕,ĞĂĚ
Dt͘ϮϬϭϰ͘DŽůĞĐƵůĂƌĂƌƌŝĞƌƐƚŽŽŽŶŽƚŝĐdƌĂŶƐŵŝƐƐŝŽŶŽĨWƌŝŽŶƐ͘ŵĞƌŐŝŶŐ/ŶĨĞĐƚŝŽƵƐ
ŝƐĞĂƐĞƐϮϬ͗ϴϴͲϵϳ͘
ĞůĂǇ͕DĂĚĚŽǆZ͕tŝůůŝĂŵƐ^͕DŝůůĞƌDt͕'ĂŵďĞƚƚŝW͕^ĐŚŽŶďĞƌŐĞƌ>͘ϮϬϬϰ͘ŚƌŽŶŝĐǁĂƐƚŝŶŐ
ĚŝƐĞĂƐĞĂŶĚƉŽƚĞŶƚŝĂůƚƌĂŶƐŵŝƐƐŝŽŶƚŽŚƵŵĂŶƐ͘ŵĞƌŐŝŶŐ/ŶĨĞĐƚŝŽƵƐŝƐĞĂƐĞƐϭϬ͗ϵϳϳͲϵϴϰ͘
ĞůĂǇ͕^ĐŚŽŶďĞƌŐĞƌ>͘ϮϬϬϮ͘sĂƌŝĂŶƚƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞĂŶĚďŽǀŝŶĞƐƉŽŶŐŝĨŽƌŵ
ĞŶĐĞƉŚĂůŽƉĂƚŚǇ͘ůŝŶŝĐƐŝŶ>ĂďŽƌĂƚŽƌǇDĞĚŝĐŝŶĞϮϮ͗ϴϰϵͲϴϲϮ͘
ĞƌŶŽƵůůŝ͕^ŝĞŐĨƌŝĞĚ:͕ĂƵŵŐĂƌƚŶĞƌ'͕ZĞŐůŝ&͕ZĂďŝŶŽǁŝĐǌd͕'ĂũĚƵƐĞŬ͕'ŝďďƐ:ƌ:͘ϭϵϳϳ͘ĂŶŐĞƌ
ŽĨĂĐĐŝĚĞŶƚĂůƉĞƌƐŽŶͲƚŽͲƉĞƌƐŽŶƚƌĂŶƐŵŝƐƐŝŽŶŽĨƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞďǇƐƵƌŐĞƌǇ͘dŚĞ
>ĂŶĐĞƚϯϬϵ͗ϰϳϴͲϰϳϵ͘
ŝƐŚŽƉDd͕ŝĂĐŬ͕ZŝƚĐŚŝĞ>͕/ƌŽŶƐŝĚĞ:t͕tŝůůZ'͕DĂŶƐŽŶ:͘ϮϬϭϯ͘WƌŝŽŶŝŶĨĞĐƚŝǀŝƚǇŝŶƚŚĞ
ƐƉůĞĞŶŽĨĂWZEWŚĞƚĞƌŽǌǇŐŽƵƐŝŶĚŝǀŝĚƵĂůǁŝƚŚƐƵďĐůŝŶŝĐĂůǀĂƌŝĂŶƚƌĞƵƚǌĨĞůĚƚʹ:ĂŬŽďĚŝƐĞĂƐĞ͘
ƌĂŝŶ͘
ƌŽǁŶW͕ƌĂŶĚĞů:ͲW͕^ĂƚŽd͕EĂŬĂŵƵƌĂz͕DĂĐ<ĞŶǌŝĞ:͕tŝůůZ'͕>ĂĚŽŐĂŶĂ͕WŽĐĐŚŝĂƌŝD͕>ĞƐĐŚĞŬ
t͕^ĐŚŽŶďĞƌŐĞƌ>͘ϮϬϭϮ͘ůĂƚƌŽŐĞŶŝĐƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďŝƐĞĂƐĞ͕&ŝŶĂůƐƐĞƐƐŵĞŶƚ͘ŵĞƌŐŝŶŐ
/ŶĨĞĐƚŝŽƵƐŝƐĞĂƐĞƐϭϴ͗ϵϬϭͲϵϬϳ͘
ƌŽǁŶW͕'ŝďďƐ:͕ŵǇǆ,>͕<ŝŶŐƐďƵƌǇd͕ZŽŚǁĞƌZ'͕^ƵůŝŵĂDW͕'ĂũĚƵƐĞŬ͘ϭϵϴϮ͘ŚĞŵŝĐĂů
ŝƐŝŶĨĞĐƚŝŽŶŽĨƌĞƵƚǌĨĞůĚƚʹ:ĂŬŽďŝƐĞĂƐĞsŝƌƵƐ͘EĞǁŶŐůĂŶĚ:ŽƵƌŶĂůŽĨDĞĚŝĐŝŶĞϯϬϲ͗ϭϮϳϵͲ
ϭϮϴϮ͘
ƌŽǁŶW͕<ĞŶŶĞǇ<͕>ŝƚƚůĞ͕/ƌŽŶƐŝĚĞ:͕tŝůůZ͕ĞƌǀĞŶĄŬŽǀĄ>͕ũŽƌŬZ:͕^ĂŶDĂƌĐŚƚŝŶZ͕^ĂĨƌ:͕ZŽŽƐ
Z͕,ĂůƚŝĂD͕'ŝďďƐ:͕'ĂũĚƵƐĞŬ͘ϭϵϵϱ͘/ŶƚƌĂĐĞƌĞďƌĂůĚŝƐƚƌŝďƵƚŝŽŶŽĨŝŶĨĞĐƚŝŽƵƐĂŵǇůŽŝĚ
ƉƌŽƚĞŝŶŝŶƐƉŽŶŐŝĨŽƌŵĞŶĐĞƉŚĂůŽƉĂƚŚǇ͘ŶŶĂůƐŽĨEĞƵƌŽůŽŐǇϯϴ͗ϮϰϱͲϮϱϯ͘
ƌŽǁŶW͕>ŝďĞƌƐŬŝWZ͕tŽůĨĨ͕'ĂũĚƵƐĞŬ͘ϭϵϵϬ͘ZĞƐŝƐƚĂŶĐĞŽĨ^ĐƌĂƉŝĞ/ŶĨĞĐƚŝǀŝƚǇƚŽ^ƚĞĂŵ
ƵƚŽĐůĂǀŝŶŐĂĨƚĞƌ&ŽƌŵĂůĚĞŚǇĚĞ&ŝǆĂƚŝŽŶĂŶĚ>ŝŵŝƚĞĚ^ƵƌǀŝǀĂůĂĨƚĞƌƐŚŝŶŐĂƚϯϲϬΣ͗WƌĂĐƚŝĐĂů
ĂŶĚdŚĞŽƌĞƚŝĐĂů/ŵƉůŝĐĂƚŝŽŶƐ͘:ŽƵƌŶĂůŽĨ/ŶĨĞĐƚŝŽƵƐŝƐĞĂƐĞƐϭϲϭ͗ϰϲϳͲϰϳϮ͘
ƌƵĐĞD͕DĐŽŶŶĞůů/͕tŝůůZ'͕/ƌŽŶƐŝĚĞ:t͘ϮϬϬϭ͘ĞƚĞĐƚŝŽŶŽĨǀĂƌŝĂŶƚƌĞƵƚǌĨĞůĚͲ:ĂŬŽďĚŝƐĞĂƐĞ
ŝŶĨĞĐƚŝǀŝƚǇŝŶĞǆƚƌĂŶĞƵƌĂůƚŝƐƐƵĞƐ͘>ĂŶĐĞƚϯϱϴ͗ϮϬϴͲϮϬϵ͘
ƌƵĐĞD͕tŝůůZ'͕/ƌŽŶƐŝĚĞ:t͕DĐŽŶŶĞůů/͕ƌƵŵŵŽŶĚ͕^ƵƚƚŝĞ͕DĐĂƌĚůĞ>͕ŚƌĞĞ͕,ŽƉĞ:͕
ŝƌŬĞƚƚ͕ŽƵƐĞŶƐ^͕&ƌĂƐĞƌ,͕ŽƐƚŽĐŬ:͘ϭϵϵϳ͘dƌĂŶƐŵŝƐƐŝŽŶƐƚŽŵŝĐĞŝŶĚŝĐĂƚĞƚŚĂƚǭŶĞǁ
ǀĂƌŝĂŶƚΖ:ŝƐĐĂƵƐĞĚďǇƚŚĞ^ĂŐĞŶƚ͘EĂƚƵƌĞϯϴϵ͗ϰϵϴͲϱϬϭ͘
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Ϯϱ


ŚŝƚƌĂǀĂƐE͕:ƵŶŐZ^͕<ŽĨƐŬĞǇD͕ůĞǀŝŶƐ:͕'ĂŵďĞƚƚŝW͕>ĞŝŐŚZ:͕ŽŚĞŶD>͘ϮϬϭϭ͘dƌĞĂƚĂďůĞ
ŶĞƵƌŽůŽŐŝĐĂůĚŝƐŽƌĚĞƌƐŵŝƐĚŝĂŐŶŽƐĞĚĂƐƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞ͘ŶŶĂůƐŽĨEĞƵƌŽůŽŐǇ
ϳϬ͗ϰϯϳͲϰϰϰ͘
ůĂƌŬĞW͕'ŚĂŶŝ͘ϮϬϬϱ͘WƌŽũĞĐƚŝŽŶƐŽĨƚŚĞĨƵƚƵƌĞĐŽƵƌƐĞŽĨƚŚĞƉƌŝŵĂƌǇǀ:ĞƉŝĚĞŵŝĐŝŶƚŚĞh<͗
ŝŶĐůƵƐŝŽŶŽĨƐƵďĐůŝŶŝĐĂůŝŶĨĞĐƚŝŽŶĂŶĚƚŚĞƉŽƐƐŝďŝůŝƚǇŽĨǁŝĚĞƌŐĞŶĞƚŝĐƐƵƐĐĞƉƚŝďŝůŝƚǇ͘:ŽƵƌŶĂůŽĨ
dŚĞZŽǇĂů^ŽĐŝĞƚǇ/ŶƚĞƌĨĂĐĞϮ͗ϭϵͲϯϭ͘
ůĞǁůĞǇ:W͕<ĞůůǇD͕ŶĚƌĞǁƐE͕sŽŐůŝƋŝ<͕DĂůůŝŶƐŽŶ'͕<ĂŝƐĂƌD͕,ŝůƚŽŶ͕/ƌŽŶƐŝĚĞ:t͕ĚǁĂƌĚƐW͕
DĐĂƌĚůĞ>D͕ZŝƚĐŚŝĞ>͕ĂďĂŐŚŝĂŶZ͕ŵďƌŽƐĞ,͕'ŝůůKE͘ϮϬϬϵ͘WƌĞǀĂůĞŶĐĞŽĨĚŝƐĞĂƐĞ
ƌĞůĂƚĞĚƉƌŝŽŶƉƌŽƚĞŝŶŝŶĂŶŽŶǇŵŽƵƐƚŽŶƐŝůƐƉĞĐŝŵĞŶƐŝŶƌŝƚĂŝŶ͗ĐƌŽƐƐƐĞĐƚŝŽŶĂůŽƉƉŽƌƚƵŶŝƐƚŝĐ
ƐƵƌǀĞǇ͘D:ϯϯϴ͘
ŽůůŝŶŐĞ:͕^ŝĚůĞ<>͕DĞĂĚƐ:͕/ƌŽŶƐŝĚĞ:͕,ŝůů&͘ϭϵϵϲ͘DŽůĞĐƵůĂƌĂŶĂůǇƐŝƐŽĨƉƌŝŽŶƐƚƌĂŝŶǀĂƌŝĂƚŝŽŶ
ĂŶĚƚŚĞĂĞƚŝŽůŽŐǇŽĨΖŶĞǁǀĂƌŝĂŶƚΖ:͘EĂƚƵƌĞϯϴϯ͗ϲϴϱͲϲϵϬ͘
ŽůůŝŶŐĞ:͕tŚŝƚĨŝĞůĚ:͕DĐ<ŝŶƚŽƐŚ͕ĞĐŬ:͕DĞĂĚ^͕dŚŽŵĂƐ:͕ůƉĞƌƐDW͘ϮϬϬϲ͘<ƵƌƵŝŶƚŚĞϮϭƐƚ
ĐĞŶƚƵƌǇͶĂŶĂĐƋƵŝƌĞĚŚƵŵĂŶƉƌŝŽŶĚŝƐĞĂƐĞǁŝƚŚǀĞƌǇůŽŶŐŝŶĐƵďĂƚŝŽŶƉĞƌŝŽĚƐ͘dŚĞ>ĂŶĐĞƚ
ϯϲϳ͗ϮϬϲϴͲϮϬϳϰ͘
ƌĞƵƚǌĨĞůĚƚ,'͘ϭϵϮϬ͘ƉĞĐƵůŝĂƌůŽĐĂůŝƐĞĚĚŝƐĞĂƐĞŽĨƚŚĞĐĞŶƚƌĂůŶĞƌǀŽƵƐƐǇƐƚĞŵ;WƌĞůŝŵŝŶĂƌǇ
ĂŶŶŽƵŶĐĞŵĞŶƚͿ͘ĞŝƚƐĐŚƌŝĨƚ&ƵƌŝĞ'ĞƐĂŵƚĞEĞƵƌŽůŽŐŝĞhŶĚWƐǇĐŚŝĂƚƌŝĞϱϳ͗ϭͲϭϴ͘
ĞƚǁŝůĞƌ>͕ĂǇůŝƐD͘ϮϬϬϯ͘dŚĞĞƉŝĚĞŵŝŽůŽŐǇŽĨƐĐƌĂƉŝĞ͘ZĞǀƵĞ^ĐŝĞŶƚŝĨŝƋƵĞƚdĞĐŚŶŝƋƵĞͲKĨĨŝĐĞ
/ŶƚĞƌŶĂƚŝŽŶĂůĞƐƉŝǌŽŽƚŝĞƐϮϮ͗ϭϮϭͲϭϰϯ͘
ƵĐƌŽƚ͕ƌŶŽůĚD͕ĚĞ<ŽĞŝũĞƌ͕,Ğŝŵ͕ĂůĂǀĂƐ͘ϮϬϬϴ͘ZĞǀŝĞǁŽŶƚŚĞĞƉŝĚĞŵŝŽůŽŐǇĂŶĚ
ĚǇŶĂŵŝĐƐŽĨ^ĞƉŝĚĞŵŝĐƐ͘sĞƚĞƌŝŶĂƌǇZĞƐĞĂƌĐŚϯϵ͘
ƵĨĨǇW͕tŽůĨ:͕ŽůůŝŶƐ'͕ĞǀŽĞ'͕^ƚƌĞĞƚĞŶ͕ŽǁĞŶ͘ϭϵϳϰ͘WŽƐƐŝďůĞWĞƌƐŽŶͲƚŽͲWĞƌƐŽŶ
dƌĂŶƐŵŝƐƐŝŽŶŽĨƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďŝƐĞĂƐĞ͘EĞǁŶŐůĂŶĚ:ŽƵƌŶĂůŽĨDĞĚŝĐŝŶĞϮϵϬ͗ϲϵϮͲϲϵϯ͘
ǀŽŶŝƵŬ:D͕^ƚŽůƚĞŶŽǁ>͕KΖZŽƵƌŬĞ</͕DŽŽƌĞ>͕ZĞĚŵĞƌ͘ϮϬϬϱ͘ƐƐĞƐƐŵĞŶƚŽĨƚŚĞŐĞŶĞƚŝĐƌŝƐŬ
ĂŶĚŝŵƉĂĐƚŽĨůĂƚĞƌĂůƚƌĂŶƐŵŝƐƐŝŽŶŝŶĂǀĂůŝŶĞͲĂƐƐŽĐŝĂƚĞĚƐĐƌĂƉŝĞŽƵƚďƌĞĂŬŝŶƐŚĞĞƉ͘
ŵĞƌŝĐĂŶ:ŽƵƌŶĂůŽĨsĞƚĞƌŝŶĂƌǇZĞƐĞĂƌĐŚϲϲ͗ϭϯϬϮͲϭϯϬϳ͘
&ŝĞůĚ:͕&ĂƌŵĞƌ&͕ĂƐƉĂƌǇ͕:ŽǇĐĞ'͘ϭϵϲϵ͘^ƵƐĐĞƉƚŝďŝůŝƚǇŽĨ^ĐƌĂƉŝĞŐĞŶƚƚŽ/ŽŶŝǌŝŶŐZĂĚŝĂƚŝŽŶ͘
EĂƚƵƌĞϮϮϮ͗ϵϬͲϵϭ͘
&ŽƐƚĞƌ:͕'ŽůĚŵĂŶŶt͕,ƵŶƚĞƌE͘ϮϬϭϯ͘ǀŝĚĞŶĐĞŝŶ^ŚĞĞƉĨŽƌWƌĞͲEĂƚĂůdƌĂŶƐŵŝƐƐŝŽŶŽĨ^ĐƌĂƉŝĞƚŽ
>ĂŵďƐĨƌŽŵ/ŶĨĞĐƚĞĚDŽƚŚĞƌƐ͘W>Ž^KEϴ͘
&ƌĂƐĞƌ,͕ƌƵĐĞD͕ŚƌĞĞ͕DĐŽŶŶĞůů/͕tĞůůƐ',͘ϭϵϵϮ͘dƌĂŶƐŵŝƐƐŝŽŶŽĨďŽǀŝŶĞƐƉŽŶŐŝĨŽƌŵ
ĞŶĐĞƉŚĂůŽƉĂƚŚǇĂŶĚƐĐƌĂƉŝĞƚŽŵŝĐĞ͘:͘'ĞŶ͘sŝƌŽů͘ϳϯ͗ϭϴϵϭͲϭϴϵϳ͘
'ĂũĚƵƐĞŬ͕ŝŐĂƐs͘ϭϵϱϵ͘<ƵƌƵ͗ůŝŶŝĐĂů͕ƉĂƚŚŽůŽŐŝĐĂůĂŶĚĞƉŝĚĞŵŝŽůŽŐŝĐĂůƐƚƵĚǇŽĨĂŶĂĐƵƚĞ
ƉƌŽŐƌĞƐƐŝǀĞĚĞŐĞŶĞƌĂƚŝǀĞĚŝƐĞĂƐĞŽĨƚŚĞĐĞŶƚƌĂůŶĞƌǀŽƵƐƐǇƐƚĞŵĂŵŽŶŐŶĂƚŝǀĞƐŽĨƚŚĞ
ĂƐƚĞƌŶ,ŝŐŚůĂŶĚƐŽĨEĞǁ'ƵŝŶĞĂ͘dŚĞŵĞƌŝĐĂŶũŽƵƌŶĂůŽĨŵĞĚŝĐŝŶĞϮϲ͗ϰϰϮͲϰϲϵ͘
'ĂŵďĞƚƚŝW͕ŽŶŐ͕zƵĂŶ:͕yŝĂŽy͕ŚĞŶŐD͕ůƐŚĞŬŚůĞĞ͕ĂƐƚĞůůĂŶŝZ͕ŽŚĞŶD͕ĂƌƌŝĂD͕
'ŽŶǌĂůĞǌͲZŽŵĞƌŽ͕ĞůĂǇ͕^ĐŚŽŶďĞƌŐĞƌ>͕DĂƌĚĞƌ<͕,ĂƌƌŝƐ͕ƵƌŬĞ:Z͕DŽŶƚŝŶĞd͕
tŝƐŶŝĞǁƐŬŝd͕ŝĐŬƐŽŶt͕^ŽƚŽ͕,ƵůĞƚƚĞD͕DĂƐƚƌŝĂŶŶŝ:͕<ŽŶŐY͕ŽƵtͲY͘ϮϬϬϴ͘
ŶŽǀĞůŚƵŵĂŶĚŝƐĞĂƐĞǁŝƚŚĂďŶŽƌŵĂůƉƌŝŽŶƉƌŽƚĞŝŶƐĞŶƐŝƚŝǀĞƚŽƉƌŽƚĞĂƐĞ͘ŶŶĂůƐŽĨEĞƵƌŽůŽŐǇ
ϲϯ͗ϲϵϳͲϳϬϴ͘
'ĂŵďĞƚƚŝW͕<ŽŶŐY͕ŽƵt͕WĂƌĐŚŝW͕ŚĞŶ^'͘ϮϬϬϯ͘^ƉŽƌĂĚŝĐĂŶĚĨĂŵŝůŝĂů:͗ĐůĂƐƐŝĨŝĐĂƚŝŽŶĂŶĚ
ĐŚĂƌĂĐƚĞƌŝƐĂƚŝŽŶ͘ƌŝƚŝƐŚDĞĚŝĐĂůƵůůĞƚŝŶϲϲ͗ϮϭϯͲϮϯϵ͘
'ĞůƉŝ͕,ĞŝŶǌů,͕,ƂĨƚďĞƌŐĞƌZ͕hŶƚĞƌďĞƌŐĞƌh͕^ƚƌƂďĞůd͕sŽŝŐƚůćŶĚĞƌd͕ƌŽďŶĂ͕:ĂƌŝƵƐ͕>ĂŶŐ^͕
tĂůĚŚƂƌd͕ĞƌŶŚĞŝŵĞƌ,͕ƵĚŬĂ,͘ϮϬϬϴ͘ƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďŝƐĞĂƐĞŝŶƵƐƚƌŝĂ͗ŶƵƚŽƉƐǇͲ
ŽŶƚƌŽůůĞĚ^ƚƵĚǇ͘EĞƵƌŽĞƉŝĚĞŵŝŽůŽŐǇϯϬ͗ϮϭϱͲϮϮϭ͘
'ĞŽƌŐƐƐŽŶ'͕^ŝŐƵƌĚĂƌƐŽŶ^͕ƌŽǁŶW͘ϮϬϬϲ͘/ŶĨĞĐƚŝŽƵƐĂŐĞŶƚŽĨƐŚĞĞƉƐĐƌĂƉŝĞŵĂǇƉĞƌƐŝƐƚŝŶƚŚĞ
ĞŶǀŝƌŽŶŵĞŶƚĨŽƌĂƚůĞĂƐƚϭϲǇĞĂƌƐ͘:͘'ĞŶ͘sŝƌŽů͘ϴϳ͗ϯϳϯϳͲϯϳϰϬ͘
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Ϯϲ


'ĞƌƐƚŵĂŶŶ:͕^ƚƌćƵƐƐůĞƌ͕^ĐŚĞŝŶŬĞƌ/͘ϭϵϯϲ͘mďĞƌĞŝŶĞĞŝŐĞŶĂƌƚŝŐĞŚĞƌĞĚŝƚćƌͲĨĂŵŝůŝćƌĞƌŬƌĂŶŬƵŶŐ
ĚĞƐĞŶƚƌĂůŶĞƌǀĞŶƐǇƐƚĞŵƐ͘ƵŐůĞŝĐŚĞŝŶĞŝƚƌĂŐǌƵƌ&ƌĂŐĞĚĞƐǀŽƌǌĞŝƚŝŐĞŶůŽŬĂůĞŶůƚĞƌƐ͘
EĞƵƌWƐǇĐŚŝĂƚϭϱϰ͗ϳϯϲͲϳϲϮ͘
'ŚĞƚƚŝ͕WŝĐĐĂƌĚŽW͕^ƉŝůůĂŶƚŝŶŝD'͕/ĐŚŝŵŝǇĂz͕WŽƌƌŽD͕WĞƌŝŶŝ&͕<ŝƚĂŵŽƚŽd͕dĂƚĞŝƐŚŝ:͕^ĞŝůĞƌ͕
&ƌĂŶŐŝŽŶĞ͕ƵŐŝĂŶŝK͕'ŝĂĐĐŽŶĞ'͕WƌĞůůŝ&͕'ŽĞĚĞƌƚD͕ůŽƵŚǇ^Z͕dĂŐůŝĂǀŝŶŝ&͘ϭϵϵϲ͘
sĂƐĐƵůĂƌǀĂƌŝĂŶƚŽĨƉƌŝŽŶƉƌŽƚĞŝŶĐĞƌĞďƌĂůĂŵǇůŽŝĚŽƐŝƐǁŝƚŚƚĂƵͲƉŽƐŝƚŝǀĞŶĞƵƌŽĨŝďƌŝůůĂƌǇ
ƚĂŶŐůĞƐ͗ƚŚĞƉŚĞŶŽƚǇƉĞŽĨƚŚĞƐƚŽƉĐŽĚŽŶϭϰϱŵƵƚĂƚŝŽŶŝŶWZEW͘WƌŽĐĞĞĚŝŶŐƐŽĨƚŚĞEĂƚŝŽŶĂů
ĐĂĚĞŵǇŽĨ^ĐŝĞŶĐĞƐŽĨƚŚĞhŶŝƚĞĚ^ƚĂƚĞƐŽĨŵĞƌŝĐĂϵϯ͗ϳϰϰͲϳϰϴ͘
'ŝďďƐ:͕'ĂũĚƵƐĞŬ͕>ĂƚĂƌũĞƚZ͘ϭϵϳϴ͘hŶƵƐƵĂůƌĞƐŝƐƚĂŶĐĞƚŽŝŽŶŝǌŝŶŐͲƌĂĚŝĂƚŝŽŶŽĨƚŚĞǀŝƌƵƐĞƐŽĨ
<ƵƌƵ͕ƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞ͕ĂŶĚ^ĐƌĂƉŝĞ͘WƌŽĐĞĞĚŝŶŐƐŽĨƚŚĞEĂƚŝŽŶĂůĐĂĚĞŵǇŽĨ
^ĐŝĞŶĐĞƐŽĨƚŚĞhŶŝƚĞĚ^ƚĂƚĞƐŽĨŵĞƌŝĐĂϳϱ͗ϲϮϲϴͲϲϮϳϬ͘
'ŝůů:Z͕^ĐŽƌĚŝͲĞůůŽ/͘ϮϬϭϬ͘EĂƚƵƌĂů͕hŶĞǆƉĞĐƚĞĚĞĂƚŚƐ͗ZĞůŝĂďŝůŝƚǇŽĨĂWƌĞƐƵŵƉƚŝǀĞŝĂŐŶŽƐŝƐΎ͘
:ŽƵƌŶĂůŽĨ&ŽƌĞŶƐŝĐ^ĐŝĞŶĐĞƐϱϱ͗ϳϳͲϴϭ͘
'ŝůůKE͕^ƉĞŶĐĞƌz͕ZŝĐŚĂƌĚͲ>ŽĞŶĚƚ͕<ĞůůǇ͕ĂďĂŐŚŝĂŶZ͕ŽǇĞƐ>͕>ŝŶĞŚĂŶ:͕^ŝŵŵŽŶƐD͕tĞďďW͕
ĞůůĞƌďǇW͕ŶĚƌĞǁƐE͕,ŝůƚŽŶ͕/ƌŽŶƐŝĚĞ:t͕ĞĐŬ:͕WŽƵůƚĞƌD͕DĞĂĚ^͕ƌĂŶĚŶĞƌ^͘ϮϬϭϯ͘
WƌĞǀĂůĞŶƚĂďŶŽƌŵĂůƉƌŝŽŶƉƌŽƚĞŝŶŝŶŚƵŵĂŶĂƉƉĞŶĚŝǆĞƐĂĨƚĞƌďŽǀŝŶĞƐƉŽŶŐŝĨŽƌŵ
ĞŶĐĞƉŚĂůŽƉĂƚŚǇĞƉŝǌŽŽƚŝĐ͗ůĂƌŐĞƐĐĂůĞƐƵƌǀĞǇ͘D:ϯϰϳ͘
'ůĂƚǌĞůD͕ďĞůĂ͕DĂŝƐƐĞŶD͕ŐƵǌǌŝ͘ϮϬϬϯ͘ǆƚƌĂŶĞƵƌĂůWĂƚŚŽůŽŐŝĐWƌŝŽŶWƌŽƚĞŝŶŝŶ^ƉŽƌĂĚŝĐ
ƌĞƵƚǌĨĞůĚƚʹ:ĂŬŽďŝƐĞĂƐĞ͘EĞǁŶŐůĂŶĚ:ŽƵƌŶĂůŽĨDĞĚŝĐŝŶĞϯϰϵ͗ϭϴϭϮͲϭϴϮϬ͘
'ŽƵŐŚ<͕DĂĚĚŝƐŽŶ͘ϮϬϭϬ͘WƌŝŽŶƚƌĂŶƐŵŝƐƐŝŽŶ͗WƌŝŽŶĞǆĐƌĞƚŝŽŶĂŶĚŽĐĐƵƌƌĞŶĐĞŝŶƚŚĞ
ĞŶǀŝƌŽŶŵĞŶƚ͘WƌŝŽŶϰ͗ϮϳϱͲϮϴϮ͘
'ƵďďĞůƐ^͕ĂĐĐŝ^͕>ĂƵƌƐĞŶ,͕,ƆŐĞŶŚĂǀĞŶ,͕ŽǁĂŶ^͕DƆůďĂŬ<͕ŚƌŝƐƚŝĂŶƐĞŶD͘ϮϬϭϮ͘ĞƐĐƌŝƉƚŝŽŶ
ĂŶĚĂŶĂůǇƐŝƐŽĨϭϮǇĞĂƌƐŽĨƐƵƌǀĞŝůůĂŶĐĞĨŽƌƌĞƵƚǌĨĞůĚƚʹ:ĂŬŽďĚŝƐĞĂƐĞŝŶĞŶŵĂƌŬ͕ϭϵϵϳƚŽ
ϮϬϬϴ͘ƵƌŽƐƵƌǀĞŝůůĂŶĐĞϭϳ͘
,ĂƌĂŐƵĐŚŝd͕dĞƌĂĚĂ^͕/ƐŚŝǌƵ,͕^ĂŬĂŝ<͕dĂŶĂďĞz͕EĂŐĂŝd͕dĂŬĂƚĂ,͕EŽďƵŬƵŶŝ<͕/ŚĂƌĂz͕<ŝƚĂŵŽƚŽ
d͕<ƵƌŽĚĂ^͘ϮϬϬϵ͘ŽĞǆŝƐƚĞŶĐĞŽĨƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞ͕>ĞǁǇďŽĚǇĚŝƐĞĂƐĞ͕ĂŶĚ
ůǌŚĞŝŵĞƌΖƐĚŝƐĞĂƐĞƉĂƚŚŽůŽŐǇ͗ŶĂƵƚŽƉƐǇĐĂƐĞƐŚŽǁŝŶŐƚǇƉŝĐĂůĐůŝŶŝĐĂůĨĞĂƚƵƌĞƐŽĨ
ƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞ͘EĞƵƌŽƉĂƚŚŽůŽŐǇϮϵ͗ϰϱϰͲϰϱϵ͘
,ĞĂĚDt͕ZŝƚĐŚŝĞ͕^ŵŝƚŚE͕DĐ>ŽƵŐŚůŝŶs͕EĂŝůŽŶt͕^ĂŵĂĚ^͕DĂƐƐŽŶ^͕ŝƐŚŽƉD͕DĐĂƌĚůĞ>͕
/ƌŽŶƐŝĚĞ:t͘ϮϬϬϰ͘WĞƌŝƉŚĞƌĂůdŝƐƐƵĞ/ŶǀŽůǀĞŵĞŶƚŝŶ^ƉŽƌĂĚŝĐ͕/ĂƚƌŽŐĞŶŝĐ͕ĂŶĚsĂƌŝĂŶƚ
ƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďŝƐĞĂƐĞ͗Ŷ/ŵŵƵŶŽŚŝƐƚŽĐŚĞŵŝĐĂů͕YƵĂŶƚŝƚĂƚŝǀĞ͕ĂŶĚŝŽĐŚĞŵŝĐĂů^ƚƵĚǇ͘
dŚĞŵĞƌŝĐĂŶũŽƵƌŶĂůŽĨƉĂƚŚŽůŽŐǇϭϲϰ͗ϭϰϯͲϭϱϯ͘
,ĞŝŶĞŵĂŶŶh͕<ƌĂƐŶŝĂŶƐŬŝ͕DĞŝƐƐŶĞƌ͕sĂƌŐĞƐ͕<ĂůůĞŶďĞƌŐ<͕^ĐŚƵůǌͲ^ĐŚĂĞĨĨĞƌt:͕^ƚĞŝŶŚŽĨĨ:͕
'ƌĂƐďŽŶͲ&ƌŽĚůD͕<ƌĞƚǌƐĐŚŵĂƌ,͕Ğƌƌ/͘ϮϬϬϳ͘ƌĞƵƚǌĨĞůĚƚʹ:ĂŬŽďĚŝƐĞĂƐĞŝŶ'ĞƌŵĂŶǇ͗Ă
ƉƌŽƐƉĞĐƚŝǀĞϭϮͲǇĞĂƌƐƵƌǀĞŝůůĂŶĐĞ͘ƌĂŝŶϭϯϬ͗ϭϯϱϬͲϭϯϱϵ͘
,ŝůƚŽŶ͕'ŚĂŶŝ͕ŽŶǇĞƌƐ>͕ĚǁĂƌĚƐW͕DĐĂƌĚůĞ>͕ZŝƚĐŚŝĞ͕WĞŶŶĞǇD͕,ĞŐĂǌǇ͕/ƌŽŶƐŝĚĞ:t͘
ϮϬϬϰ͘WƌĞǀĂůĞŶĐĞŽĨůǇŵƉŚŽƌĞƚŝĐƵůĂƌƉƌŝŽŶƉƌŽƚĞŝŶĂĐĐƵŵƵůĂƚŝŽŶŝŶh<ƚŝƐƐƵĞƐĂŵƉůĞƐ͘dŚĞ
:ŽƵƌŶĂůŽĨWĂƚŚŽůŽŐǇϮϬϯ͗ϳϯϯͲϳϯϵ͘
,ŽŝŶǀŝůůĞ>:͕dŽŶŐƵĞ^͕tŝůĞƐŵŝƚŚ:t͘ϮϬϭϬ͘ǀŝĚĞŶĐĞĨŽƌŵĂƚĞƌŶĂůƚƌĂŶƐŵŝƐƐŝŽŶŽĨƐĐƌĂƉŝĞŝŶ
ŶĂƚƵƌĂůůǇĂĨĨĞĐƚĞĚĨůŽĐŬƐ͘WƌĞǀĞŶƚŝǀĞsĞƚĞƌŝŶĂƌǇDĞĚŝĐŝŶĞϵϯ͗ϭϮϭͲϭϮϴ͘
,ŽƉĞ:͕ZĞĞŬŝĞ>:͕,ƵŶƚĞƌE͕DƵůƚŚĂƵƉ'͕ĞǇƌĞƵƚŚĞƌ<͕tŚŝƚĞ,͕^ĐŽƚƚ͕^ƚĂĐŬD:͕ĂǁƐŽŶD͕
tĞůůƐ',͘ϭϵϴϴ͘&ŝďƌŝůƐĨƌŽŵďƌĂŝŶƐŽĨĐŽǁƐǁŝƚŚŶĞǁĐĂƚƚůĞĚŝƐĞĂƐĞĐŽŶƚĂŝŶƐĐƌĂƉŝĞͲ
ĂƐƐŽĐŝĂƚĞĚƉƌŽƚĞŝŶ͘EĂƚƵƌĞϯϯϲ͗ϯϵϬͲϯϵϮ͘
,ŽǇĞƌƚ>͘ϮϬϭϭ͘dŚĞĐŚĂŶŐŝŶŐƉƌŽĨŝůĞŽĨĂƵƚŽƉƐŝĞĚĚĞĂƚŚƐŝŶƚŚĞhŶŝƚĞĚ^ƚĂƚĞƐ͕ϭϵϳϮʹϮϬϬϳ͘E,^
ĚĂƚĂďƌŝĞĨ͕ŶŽϲϳ͘,ǇĂƚƚƐǀŝůůĞ͕D͗EĂƚŝŽŶĂůĞŶƚĞƌĨŽƌ,ĞĂůƚŚ^ƚĂƚŝƐƚŝĐƐ͘
,W͘ϮϬϭϮ͘ŚƚƚƉ͗ͬͬǁǁǁ͘ŚƉĂ͘ŽƌŐ͘ƵŬͬŚƉƌͬĂƌĐŚŝǀĞƐͬϮϬϭϮͬŚƉƌϬϲϭϮ͘ƉĚĨ͘,ĞĂůƚŚWƌŽƚĞĐƚŝŽŶZĞƉŽƌƚϲ͘
/ŝĚĂd͕ŽŚͲƵƌĂ<͕<ĂǁĂƐŚŝŵĂd͕ďĞ,͕/ǁĂŬŝd͘ϮϬϬϭ͘ŶĂƚǇƉŝĐĂůĐĂƐĞŽĨƐƉŽƌĂĚŝĐƌĞƵƚǌĨĞůĚƚʹ:ĂŬŽď
ĚŝƐĞĂƐĞǁŝƚŚWĂƌŬŝŶƐŽŶΖƐĚŝƐĞĂƐĞ͘EĞƵƌŽƉĂƚŚŽůŽŐǇϮϭ͗ϮϵϰͲϮϵϳ͘
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Ϯϳ


/ƌŽŶƐŝĚĞ:t͕Ğůů:͘ϭϵϵϲ͘dŚĞ͚ŚŝŐŚͲƌŝƐŬ͛ŶĞƵƌŽƉĂƚŚŽůŽŐŝĐĂůĂƵƚŽƉƐǇŝŶ/^ĂŶĚƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽď
ĚŝƐĞĂƐĞ͗ƉƌŝŶĐŝƉůĞƐĂŶĚƉƌĂĐƚŝĐĞ͘EĞƵƌŽƉĂƚŚŽůŽŐǇĂŶĚƉƉůŝĞĚEĞƵƌŽďŝŽůŽŐǇϮϮ͗ϯϴϴͲϯϵϯ͘
:ĂŬŽď͘ϭϵϮϭĂ͘KŶĂƉĞĐƵůŝĂƌĚŝƐĞĂƐĞƉƌŽĐĞƐƐŽĨƚŚĞĐĞŶƚƌĂůŶĞƌǀŽƵƐƐǇƐƚĞŵŝŶĂĐŚƌŽŶŝĐWƐǇĐŚŽƐŝƐ
ǁŝƚŚĐĂƚĂƚŽŶŝĐƐǇŵƉƚŽŵƐ͘ĞŝƚƐĐŚƌŝĨƚ&ƵƌŝĞ'ĞƐĂŵƚĞEĞƵƌŽůŽŐŝĞhŶĚWƐǇĐŚŝĂƚƌŝĞϲϲ͗ϭϳϴͲ
ϮϬϳ͘
:ĂŬŽď͘ϭϵϮϭď͘hŶƵƐƵĂůĚŝƐĞĂƐĞƐŽĨƚŚĞĐĞŶƚƌĂůŶĞƌǀŽƵƐƐǇƐƚĞŵǁŝƚŚƐƚƌŝŬŝŶŐĂŶĂƚŽŵŝĐƌĞƐƵůƚƐ
;^ƉĂƐƚŝĐƉƐĞƵĚŽƐĐůĞƌŽƐŝƐͲŶĐĞƉŚĂůŽŵǇĞůŽƉĂƚŚǇǁŝƚŚĚŝƐƐĞŵŝŶĂƚĞĚĨŽĐĂůĚĞŐĞŶĞƌĂƚŝŽŶͿ͘
ĞŝƚƐĐŚƌŝĨƚ&ƵƌŝĞ'ĞƐĂŵƚĞEĞƵƌŽůŽŐŝĞhŶĚWƐǇĐŚŝĂƚƌŝĞϲϰ͗ϭϰϳͲϮϮϴ͘
:ŽŝŶĞƌ^͕>ŝŶĞŚĂŶ:D͕ƌĂŶĚŶĞƌ^͕tĂĚƐǁŽƌƚŚ:&͕ŽůůŝŶŐĞ:͘ϮϬϬϱ͘,ŝŐŚůĞǀĞůƐŽĨĚŝƐĞĂƐĞƌĞůĂƚĞĚ
ƉƌŝŽŶƉƌŽƚĞŝŶŝŶƚŚĞŝůĞƵŵŝŶǀĂƌŝĂŶƚƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞ͘'Ƶƚϱϰ͗ϭϱϬϲͲϭϱϬϴ͘
>Ăŝ,͕dƐĞŶŐ,&͘ϮϬϬϵ͘WŽƉƵůĂƚŝŽŶͲĂƐĞĚƉŝĚĞŵŝŽůŽŐŝĐĂů^ƚƵĚǇŽĨEĞƵƌŽůŽŐŝĐĂůŝƐĞĂƐĞƐŝŶdĂŝǁĂŶ͗
/͘ƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďŝƐĞĂƐĞĂŶĚDƵůƚŝƉůĞ^ĐůĞƌŽƐŝƐ͘EĞƵƌŽĞƉŝĚĞŵŝŽůŽŐǇϯϯ͗ϮϰϳͲϮϱϯ͘
>ŝůůƋƵŝƐƚWW͕dŚŽŵĂƐE͕ĞůĂǇ͕^ĐŚŽŶďĞƌŐĞƌ>͕DŽƌƐĞ͘ϮϬϬϲ͘ĂƌƌŝĞƌƐƚŽƵƚŽƉƐǇ͗ƌĞƵƚǌĨĞůĚƚͲ
:ĂŬŽďŝƐĞĂƐĞŝŶEĞǁzŽƌŬ^ƚĂƚĞ͘EĞƵƌŽĞƉŝĚĞŵŝŽůŽŐǇϮϲ͗ϮϬϳͲϮϭϭ͘
>ůĞǁĞůǇŶ͕,ĞǁŝƚƚW͕<ŶŝŐŚƚZ^'͕ŵĂƌ<͕ŽƵƐĞŶƐ^͕DĂĐŬĞŶǌŝĞ:͕tŝůůZ'͘ϮϬϬϰ͘WŽƐƐŝďůĞ
ƚƌĂŶƐŵŝƐƐŝŽŶŽĨǀĂƌŝĂŶƚƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞďǇďůŽŽĚƚƌĂŶƐĨƵƐŝŽŶ͘dŚĞ>ĂŶĐĞƚϯϲϯ͗ϰϭϳͲ
ϰϮϭ͘
>ŽǀĞ^͕WĞƌƌǇ͕/ƌŽŶƐŝĚĞ:͕ƵĚŬĂ,͘ϮϬϭϱ͘'ƌĞĞŶĨŝĞůĚΖƐEĞƵƌŽƉĂƚŚŽůŽŐǇ͕EŝŶƚŚĚŝƚŝŽŶ͘
>ƵŐĂƌĞƐŝ͕DĞĚŽƌŝZ͕DŽŶƚĂŐŶĂW͕ĂƌƵǌǌŝ͕ŽƌƚĞůůŝW͕>ƵŐĂƌĞƐŝ͕dŝŶƵƉĞƌW͕ƵĐĐŽŶŝD͕'ĂŵďĞƚƚŝ
W͘ϭϵϴϲ͘&ĂƚĂůĨĂŵŝůŝĂůŝŶƐŽŵŶŝĂĂŶĚĚǇƐĂƵƚŽŶŽŵŝĂǁŝƚŚƐĞůĞĐƚŝǀĞĚĞŐĞŶĞƌĂƚŝŽŶŽĨƚŚĂůĂŵŝĐ
ŶƵĐůĞŝ͘EĞǁŶŐůĂŶĚ:ŽƵƌŶĂůŽĨDĞĚŝĐŝŶĞϯϭϱ͗ϵϵϳͲϭϬϬϯ͘
DĂĚĚŝƐŽŶ͕ĂŬĞƌ͕dĞƌƌǇ>͕ĞůůǁŽƌƚŚǇ^:͕dŚŽƌŶĞ>͕ZĞĞƐ,͕'ŽƵŐŚ<͘ϮϬϭϬ͘ŶǀŝƌŽŶŵĞŶƚĂů
^ŽƵƌĐĞƐŽĨ^ĐƌĂƉŝĞWƌŝŽŶƐ͘:ŽƵƌŶĂůŽĨsŝƌŽůŽŐǇϴϰ͗ϭϭϱϲϬͲϭϭϱϲϮ͘
DĂĞĚĂ^͕<ĂŵŝƐŚŝƌĂŬŝ͕^ƚĂƌŬĞǇ:͕/ŬĞĚĂE͘ϮϬϭϯ͘tŚǇĂƌĞĂƵƚŽƉƐǇƌĂƚĞƐůŽǁŝŶ:ĂƉĂŶ͍sŝĞǁƐŽĨ
ŽƌĚŝŶĂƌǇĐŝƚŝǌĞŶƐĂŶĚĚŽĐƚŽƌƐŝŶƚŚĞĐĂƐĞŽĨƵŶĞǆƉĞĐƚĞĚƉĂƚŝĞŶƚĚĞĂƚŚĂŶĚŵĞĚŝĐĂůĞƌƌŽƌ͘
:ŽƵƌŶĂůŽĨ,ĞĂůƚŚĐĂƌĞZŝƐŬDĂŶĂŐĞŵĞŶƚϯϯ͗ϭϴͲϮϱ͘
DĐ'ŽǁĂŶ:W͘ϭϵϮϮ͘^ĐƌĂƉŝĞŝŶƐŚĞĞƉ͘^ĐŽƚƚŝƐŚ:ŽƵƌŶĂůŽĨŐƌŝĐƵůƚƵƌĞϱ͗ϯϲϱͲϯϳϱ͘
DĞĂĚ^͕tĂĚƐǁŽƌƚŚ:&͕WŽƌƚĞƌD͕ĞƚĂů͘ϮϬϭϰ͘sƌŝĂŶƚĐƌĞƵƚǌĨĞůĚƚͲũĂŬŽďĚŝƐĞĂƐĞǁŝƚŚĞǆƚƌĞŵĞůǇůŽǁ
ůǇŵƉŚŽƌĞƚŝĐƵůĂƌĚĞƉŽƐŝƚŝŽŶŽĨƉƌŝŽŶƉƌŽƚĞŝŶ͘:DEĞƵƌŽůŽŐǇ͘
DĞĂĚ^͕tŚŝƚĨŝĞůĚ:͕WŽƵůƚĞƌD͕^ŚĂŚW͕hƉŚŝůů:͕ĂŵƉďĞůůd͕ůͲƵũĂŝůǇ,͕,ƵŵŵĞƌŝĐŚ,͕ĞĐŬ:͕DĞŝŶ
͕sĞƌǌŝůůŝ͕tŚŝƚƚĂŬĞƌ:͕ůƉĞƌƐDW͕ŽůůŝŶŐĞ:͘ϮϬϬϵ͘EŽǀĞůWƌŽƚĞĐƚŝǀĞWƌŝŽŶWƌŽƚĞŝŶ
sĂƌŝĂŶƚƚŚĂƚŽůŽĐĂůŝǌĞƐǁŝƚŚ<ƵƌƵǆƉŽƐƵƌĞ͘EĞǁŶŐůĂŶĚ:ŽƵƌŶĂůŽĨDĞĚŝĐŝŶĞϯϲϭ͗ϮϬϱϲͲ
ϮϬϲϱ͘
DŝůůĞƌDt͕tŝůůŝĂŵƐ^͘ϮϬϬϰ͘ŚƌŽŶŝĐǁĂƐƚŝŶŐĚŝƐĞĂƐĞŽĨĐĞƌǀŝĚƐ͘DĂĚŽǁŝƐĞĂƐĞĂŶĚZĞůĂƚĞĚ
^ƉŽŶŐŝĨŽƌŵŶĐĞƉŚĂůŽƉĂƚŚŝĞƐϮϴϰ͗ϭϵϯͲϮϭϰ͘
DƵƌĂŵŽƚŽd͕<ŝƚĂŵŽƚŽd͕<ŽŐĂ,͕dĂƚĞŝƐŚŝ:͘ϭϵϵϮ͘dŚĞĐŽĞǆŝƐƚĞŶĐĞŽĨůǌŚĞŝŵĞƌΖƐĚŝƐĞĂƐĞĂŶĚ
ƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞŝŶĂƉĂƚŝĞŶƚǁŝƚŚĚĞŵĞŶƚŝĂŽĨůŽŶŐĚƵƌĂƚŝŽŶ͘ĐƚĂ
EĞƵƌŽƉĂƚŚŽůŽŐŝĐĂϴϰ͗ϲϴϲͲϲϴϵ͘
EŝĞůƐĞŶ'W͕ũƂƌŶƐƐŽŶ:͕:ŽŶĂƐƐŽŶ:'͘ϭϵϵϭ͘dŚĞĂĐĐƵƌĂĐǇŽĨĚĞĂƚŚĐĞƌƚŝĨŝĐĂƚĞƐ͘sŝƌĐŚŽǁƐƌĐŚŝǀ
ϰϭϵ͗ϭϰϯͲϭϰϲ͘
EŽŶŶŽZ͕ŝĂƌŝD͕ĂƌĚŽŶĞ&͕sĂĐĐĂƌŝ'͕&ĂǌǌŝW͕ĞůůΖKŵŽ'͕ĂƌƚŽŶŝ͕/ŶŐƌŽƐƐŽ>͕ŽǇůĞ͕
'ĂůĞŶŽZ͕^ďƌŝĐĐŽůŝD͕>ŝƉƉ,W͕ƌƵĐĞD͕WŽĐĐŚŝĂƌŝD͕Őƌŝŵŝh͘ϮϬϬϲ͘ĨĨŝĐŝĞŶƚƚƌĂŶƐŵŝƐƐŝŽŶ
ĂŶĚĐŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶŽĨƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞƐƚƌĂŝŶƐŝŶďĂŶŬǀŽůĞƐ͘WůŽƐWĂƚŚŽŐĞŶƐ
Ϯ͗ϭϭϮͲϭϮϬ͘
EŽƚĂƌŝ^͕DŽůĞƌĞƐ&:͕,ƵŶƚĞƌ^͕ĞůĂǇ͕^ĐŚŽŶďĞƌŐĞƌ>͕Ăůŝ/͕WĂƌĐŚŝW͕^ŚŝĞŚtͲ:͕ƌŽǁŶW͕ĂŬŝ^͕
ŽƵtͲY͕'ĂŵďĞƚƚŝW͘ϮϬϭϬ͘DƵůƚŝŽƌŐĂŶĞƚĞĐƚŝŽŶĂŶĚŚĂƌĂĐƚĞƌŝǌĂƚŝŽŶŽĨWƌŽƚĞĂƐĞͲ
ZĞƐŝƐƚĂŶƚWƌŝŽŶWƌŽƚĞŝŶŝŶĂĂƐĞŽĨsĂƌŝĂŶƚ:ǆĂŵŝŶĞĚŝŶƚŚĞhŶŝƚĞĚ^ƚĂƚĞƐ͘W>Ž^KE
ϱ͗Ğϴϳϲϱ͘
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Ϯϴ


EŽǌĂŬŝ/͕,ĂŵĂŐƵĐŚŝd͕^ĂŶũŽE͕EŽŐƵĐŚŝͲ^ŚŝŶŽŚĂƌĂD͕^ĂŬĂŝ<͕EĂŬĂŵƵƌĂz͕^ĂƚŽd͕<ŝƚĂŵŽƚŽd͕
DŝǌƵƐĂǁĂ,͕DŽƌŝǁĂŬĂ&͕^ŚŝŐĂz͕<ƵƌŽŝǁĂz͕EŝƐŚŝǌĂǁĂD͕<ƵǌƵŚĂƌĂ^͕/ŶƵǌƵŬĂd͕dĂŬĞĚĂD͕
<ƵƌŽĚĂ^͕ďĞ<͕DƵƌĂŝ,͕DƵƌĂǇĂŵĂ^͕dĂƚĞŝƐŚŝ:͕dĂŬƵŵŝ/͕^ŚŝƌĂďĞ^͕,ĂƌĂĚĂD͕^ĂĚĂŬĂŶĞ
͕zĂŵĂĚĂD͘ϮϬϭϬ͘WƌŽƐƉĞĐƚŝǀĞϭϬͲǇĞĂƌƐƵƌǀĞŝůůĂŶĐĞŽĨŚƵŵĂŶƉƌŝŽŶĚŝƐĞĂƐĞƐŝŶ:ĂƉĂŶ͘
ƌĂŝŶϭϯϯ͗ϯϬϰϯͲϯϬϱϳ͘
WĂĚŽǀĂŶŝ͕ΖůĞƐƐĂŶĚƌŽD͕WĂƌĐŚŝW͕ŽƌƚĞůůŝW͕ŶǌŽůĂ'W͕DŽŶƚĂŐŶĂW͕sŝŐŶŽůŽ>͕WĞƚƌĂƌŽůŝZ͕
WŽĐĐŚŝĂƌŝD͕>ƵŐĂƌĞƐŝ͕'ĂŵďĞƚƚŝW͘ϭϵϵϴ͘&ĂƚĂůĨĂŵŝůŝĂůŝŶƐŽŵŶŝĂŝŶĂŶĞǁ/ƚĂůŝĂŶŬŝŶĚƌĞĚ͘
EĞƵƌŽůŽŐǇϱϭ͗ϭϰϵϭͲϭϰϵϰ͘
WĂƌĐŚŝW͕'ŝĞƐĞ͕ĂƉĞůůĂƌŝ^͕ƌŽǁŶW͕^ĐŚƵůǌͲ^ĐŚĂĞĨĨĞƌt͕tŝŶĚůK͕Ğƌƌ/͕ƵĚŬĂ,͕<ŽƉƉE͕
WŝĐĐĂƌĚŽW͕WŽƐĞƌ^͕ZŽũŝĂŶŝ͕^ƚƌĞŝĐŚĞŵďĞƌŐĞƌE͕:ƵůŝĞŶ:͕sŝƚĂů͕'ŚĞƚƚŝ͕'ĂŵďĞƚƚŝW͕
<ƌĞƚǌƐĐŚŵĂƌ,͘ϭϵϵϵ͘ůĂƐƐŝĨŝĐĂƚŝŽŶŽĨƐƉŽƌĂĚŝĐƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞďĂƐĞĚŽŶŵŽůĞĐƵůĂƌ
ĂŶĚƉŚĞŶŽƚǇƉŝĐĂŶĂůǇƐŝƐŽĨϯϬϬƐƵďũĞĐƚƐ͘ŶŶĂůƐŽĨEĞƵƌŽůŽŐǇϰϲ͗ϮϮϰͲϮϯϯ͘
WĂƌĐŚŝW͕^ƚƌĂŵŵŝĞůůŽZ͕EŽƚĂƌŝ^͕'ŝĞƐĞ͕>ĂŶŐĞǀĞůĚ:D͕>ĂĚŽŐĂŶĂ͕Ğƌƌ/͕ZŽŶĐĂƌŽůŝ&͕ƌĂƐW͕
'ŚĞƚƚŝ͕WŽĐĐŚŝĂƌŝD͕<ƌĞƚǌƐĐŚŵĂƌ,͕ĂƉĞůůĂƌŝ^͘ϮϬϬϵ͘/ŶĐŝĚĞŶĐĞĂŶĚƐƉĞĐƚƌƵŵŽĨƐƉŽƌĂĚŝĐ
ƌĞƵƚǌĨĞůĚƚʹ:ĂŬŽďĚŝƐĞĂƐĞǀĂƌŝĂŶƚƐǁŝƚŚŵŝǆĞĚƉŚĞŶŽƚǇƉĞĂŶĚĐŽͲŽĐĐƵƌƌĞŶĐĞŽĨWƌW^ĐƚǇƉĞƐ͗
ĂŶƵƉĚĂƚĞĚĐůĂƐƐŝĨŝĐĂƚŝŽŶ͘ĐƚĂEĞƵƌŽƉĂƚŚŽůŽŐŝĐĂϭϭϴ͗ϲϱϵͲϲϳϭ͘
WĞĚĞŶ͕DĐĂƌĚůĞ>͕,ĞĂĚDt͕>ŽǀĞ^͕tĂƌĚ,:d͕ŽƵƐĞŶƐ^E͕<ĞĞůŝŶŐD͕DŝůůĂƌD͕,ŝůů&',͕
/ƌŽŶƐŝĚĞ:t͘ϮϬϭϬ͘sĂƌŝĂŶƚ:ŝŶĨĞĐƚŝŽŶŝŶƚŚĞƐƉůĞĞŶŽĨĂŶĞƵƌŽůŽŐŝĐĂůůǇĂƐǇŵƉƚŽŵĂƚŝĐh<
ĂĚƵůƚƉĂƚŝĞŶƚǁŝƚŚŚĂĞŵŽƉŚŝůŝĂ͘,ĂĞŵŽƉŚŝůŝĂϭϲ͗ϮϵϲͲϯϬϰ͘
WĞĚĞŶ,͕,ĞĂĚDt͕ŝĂŶĞ>Z͕:ĞĂŶŶĞ͕:ĂŵĞƐt/͘ϮϬϬϰ͘WƌĞĐůŝŶŝĐĂůǀ:ĂĨƚĞƌďůŽŽĚƚƌĂŶƐĨƵƐŝŽŶ
ŝŶĂWZEWĐŽĚŽŶϭϮϵŚĞƚĞƌŽǌǇŐŽƵƐƉĂƚŝĞŶƚ͘dŚĞ>ĂŶĐĞƚϯϲϰ͗ϱϮϳͲϱϮϵ͘
WĞĚĞŶ,͕/ƌŽŶƐŝĚĞ:t͘ϮϬϬϰ͘ZĞǀŝĞǁ͗ƉĂƚŚŽůŽŐǇŽĨǀĂƌŝĂŶƚƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞ͘&ŽůŝĂ
ŶĞƵƌŽƉĂƚŚŽůŽŐŝĐĂͬƐƐŽĐŝĂƚŝŽŶŽĨWŽůŝƐŚEĞƵƌŽƉĂƚŚŽůŽŐŝƐƚƐĂŶĚDĞĚŝĐĂůZĞƐĞĂƌĐŚĞŶƚƌĞ͕
WŽůŝƐŚĐĂĚĞŵǇŽĨ^ĐŝĞŶĐĞƐϰϮ^ƵƉƉů͗ϴϱͲϵϭ͘
WŝĞƚƌŝŶŝs͕ĂŶŝĞůŝ͕ĞǀŝůĂĐƋƵĂW͕>ĞĐŚŝ͘ϭϵϵϯ͘WĂŶĞŶĐĞƉŚĂůŽƉĂƚŚŝĐƚǇƉĞŽĨƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽď
ŝƐĞĂƐĞǁŝƚŚŶĞƵƌŽƉĂƚŚŽůŽŐŝĐĨĞĂƚƵƌĞƐƐŝŵŝůĂƌƚŽWŝĐŬƐŝƐĞĂƐĞ͘ůŝŶŝĐĂůEĞƵƌŽƉĂƚŚŽůŽŐǇ
ϭϮ͗ϭͲϲ͘
WƌƵƐŝŶĞƌ^͘ϭϵϴϮ͘EŽǀĞůƉƌŽƚĞŝŶĂĐĞŽƵƐŝŶĨĞĐƚŝŽƵƐƉĂƌƚŝĐůĞƐĐĂƵƐĞƐĐƌĂƉŝĞ͘^ĐŝĞŶĐĞϮϭϲ͗ϭϯϲͲϭϰϰ͘
ZŽƵůƐŽŶ:͕ĞŶďŽǁt͕,ĂƐůĞƚŽŶW^͘ϮϬϬϱ͘ŝƐĐƌĞƉĂŶĐŝĞƐďĞƚǁĞĞŶĐůŝŶŝĐĂůĂŶĚĂƵƚŽƉƐǇĚŝĂŐŶŽƐŝƐĂŶĚ
ƚŚĞǀĂůƵĞŽĨƉŽƐƚŵŽƌƚĞŵŚŝƐƚŽůŽŐǇ͖ĂŵĞƚĂͲĂŶĂůǇƐŝƐĂŶĚƌĞǀŝĞǁ͘,ŝƐƚŽƉĂƚŚŽůŽŐǇϰϳ͗ϱϱϭͲϱϱϵ͘
^ƚŽĞĐŬ<͕,ĞƐƐ<͕ŵƐůĞƌ>͕ĐŬĞƌƚd͕ŝŵŵĞƌŵĂŶŶ͕ŐƵǌǌŝ͕'ůĂƚǌĞůD͘ϮϬϬϴ͘,ĞŝŐŚƚĞŶĞĚ
ŝŶĐŝĚĞŶĐĞŽĨƐƉŽƌĂĚŝĐƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞŝƐĂƐƐŽĐŝĂƚĞĚǁŝƚŚĂƐŚŝĨƚŝŶ
ĐůŝŶŝĐŽƉĂƚŚŽůŽŐŝĐĂůƉƌŽĨŝůĞƐ͘:ŽƵƌŶĂůŽĨEĞƵƌŽůŽŐǇϮϱϱ͗ϭϰϲϰͲϭϰϳϮ͘
dĂƌƚĂŐůŝĂD͕:ŽŚŶƐŽŶz͕dŚĂŝ:E͕ĂƚƚĂƌƵǌǌĂd͕tŽŶŐ<͕'ĂƌĐŝĂW͕ĞƌŵŽŶĚ^:͕DŝůůĞƌ>͕
'ĞƐĐŚǁŝŶĚD͘ϮϬϭϮ͘ůŝŶŝĐĂůKǀĞƌůĂƉďĞƚǁĞĞŶ:ĂŬŽďͲƌĞƵƚǌĨĞůĚƚŝƐĞĂƐĞĂŶĚ>ĞǁǇŽĚǇ
ŝƐĞĂƐĞ͘ĂŶĂĚŝĂŶ:ŽƵƌŶĂůŽĨEĞƵƌŽůŽŐŝĐĂů^ĐŝĞŶĐĞƐϯϵ͗ϯϬϰͲϯϭϬ͘
dĂƚĞŝƐŚŝ:͕ƌŽǁŶW͕<ŝƚĂŵŽƚŽd͕,ŽƋƵĞD͕ZŽŽƐZ͕tŽůůŵĂŶZ͕ĞƌǀĞŶĂŬŽǀĂ>͕'ĂũĚƵƐĞŬ͘ϭϵϵϱ͘
&ŝƌƐƚĞǆƉĞƌŝŵĞŶƚĂůƚƌĂŶƐŵŝƐƐŝŽŶŽĨĨĂƚĂůĨĂŵŝůŝĂůŝŶƐŽŵŶŝĂ͘EĂƚƵƌĞϯϳϲ͗ϰϯϰͲϰϯϱ͘
dĂǇůŽƌD͕ƌŽǁŶ:D͕&ĞƌŶŝĞ<͕DĐŽŶŶĞůů/͘ϭϵϵϳ͘dŚĞĞĨĨĞĐƚŽĨĨŽƌŵŝĐĂĐŝĚŽŶ^ĂŶĚƐĐƌĂƉŝĞ
ŝŶĨĞĐƚŝǀŝƚǇŝŶĨŝǆĞĚĂŶĚƵŶĨŝǆĞĚďƌĂŝŶͲƚŝƐƐƵĞ͘sĞƚĞƌŝŶĂƌǇDŝĐƌŽďŝŽůŽŐǇϱϴ͗ϭϲϳͲϭϳϰ͘
dĞůůŝŶŐ'͕^ĐŽƚƚD͕,ƐŝĂŽ<<͕&ŽƐƚĞƌ͕zĂŶŐ^>͕dŽƌĐŚŝĂD͕^ŝĚůĞ<͕ŽůůŝŶŐĞ:͕ĞƌŵŽŶĚ^:͕
WƌƵƐŝŶĞƌ^͘ϭϵϵϰ͘dƌĂŶƐŵŝƐƐŝŽŶŽĨƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞĨƌŽŵŚƵŵĂŶƐƚŽƚƌĂŶƐŐĞŶŝĐ
ŵŝĐĞĞǆƉƌĞƐƐŝŶŐĐŚŝŵĞƌŝĐŚƵŵĂŶͲŵŽƵƐĞƉƌŝŽŶƉƌŽƚĞŝŶ͘WƌŽĐĞĞĚŝŶŐƐŽĨƚŚĞEĂƚŝŽŶĂůĐĂĚĞŵǇ
ŽĨ^ĐŝĞŶĐĞƐϵϭ͗ϵϵϯϲͲϵϵϰϬ͘
dŚĂĚĂŶŝs͕WĞŶĂƌW>͕WĂƌƚŝŶŐƚŽŶ:͕<ĂůďZ͕:ĂŶƐƐĞŶZ͕^ĐŚŽŶďĞƌŐĞƌ>͕ZĂďŬŝŶ^͕WƌŝĐŚĂƌĚ:t͘ϭϵϴϴ͘
ƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞƉƌŽďĂďůǇĂĐƋƵŝƌĞĚĨƌŽŵĂĐĂĚĂǀĞƌŝĐĚƵƌĂŵĂƚĞƌŐƌĂĨƚ͘:ŽƵƌŶĂůŽĨ
EĞƵƌŽƐƵƌŐĞƌǇϲϵ͗ϳϲϲͲϳϲϵ͘
dƐĐŚĂŵƉĂ,:͕EĞƵŵĂŶŶD͕Ğƌƌ/͕,ĞŶŬĞů<͕^ĐŚƌƂƚĞƌ͕^ĐŚƵůǌͲ^ĐŚĂĞĨĨĞƌt:͕^ƚĞŝŶŚŽĨĨ:͕
<ƌĞƚǌƐĐŚŵĂƌ,͕WŽƐĞƌ^͘ϮϬϬϭ͘WĂƚŝĞŶƚƐǁŝƚŚůǌŚĞŝŵĞƌΖƐĚŝƐĞĂƐĞĂŶĚĚĞŵĞŶƚŝĂǁŝƚŚ>ĞǁǇ
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Ϯϵ


ďŽĚŝĞƐŵŝƐƚĂŬĞŶĨŽƌƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞ͘:ŽƵƌŶĂůŽĨEĞƵƌŽůŽŐǇ͕EĞƵƌŽƐƵƌŐĞƌǇΘ
WƐǇĐŚŝĂƚƌǇϳϭ͗ϯϯͲϯϵ͘
dƐƵĐŚŝǇĂ<͕zĂŐŝƐŚŝƚĂ^͕/ŬĞĚĂ<͕^ĂŶŽD͕dĂŬŝ<͕,ĂƐŚŝŵŽƚŽ<͕tĂƚĂďŝŬŝ^͕DŝǌƵƐĂǁĂ,͘ϮϬϬϰ͘
ŽĞǆŝƐƚĞŶĐĞŽĨ:ĂŶĚůǌŚĞŝŵĞƌΖƐĚŝƐĞĂƐĞ͗ŶĂƵƚŽƉƐǇĐĂƐĞƐŚŽǁŝŶŐƚǇƉŝĐĂůĐůŝŶŝĐĂů
ĨĞĂƚƵƌĞƐŽĨ:͘EĞƵƌŽƉĂƚŚŽůŽŐǇϮϰ͗ϰϲͲϱϱ͘
tĂĚƐǁŽƌƚŚ:&͕:ŽŝŶĞƌ^͕&Žǆ<͕>ŝŶĞŚĂŶ:D͕ĞƐďƌƵƐůĂŝƐD͕ƌĂŶĚŶĞƌ^͕ƐĂŶƚĞ͕ŽůůŝŶŐĞ:͘ϮϬϬϳ͘
WƌŝŽŶŝŶĨĞĐƚŝǀŝƚǇŝŶǀĂƌŝĂŶƚƌĞƵƚǌĨĞůĚƚʹ:ĂŬŽďĚŝƐĞĂƐĞƌĞĐƚƵŵ͘'Ƶƚϱϲ͗ϵϬͲϵϰ͘
tĂĚƐǁŽƌƚŚ:&͕:ŽŝŶĞƌ^͕,ŝůů&͕ĂŵƉďĞůůd͕ĞƐďƌƵƐůĂŝƐD͕>ƵƚŚĞƌƚW:͕ŽůůŝŶŐĞ:͘ϮϬϬϭ͘dŝƐƐƵĞ
ĚŝƐƚƌŝďƵƚŝŽŶŽĨƉƌŽƚĞĂƐĞƌĞƐŝƐƚĂŶƚƉƌŝŽŶƉƌŽƚĞŝŶŝŶǀĂƌŝĂŶƚƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞƵƐŝŶŐĂ
ŚŝŐŚůǇƐĞŶƐŝƚŝǀĞŝŵŵƵŶŽďůŽƚƚŝŶŐĂƐƐĂǇ͘dŚĞ>ĂŶĐĞƚϯϱϴ͗ϭϳϭͲϭϴϬ͘
tĞŝŶƐƚĞŝŶZ͕ZƵƚĂůĂt͕tĞďĞƌ:͘ϮϬϬϭ͘ƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďŝƐĞĂƐĞ͗ZĞĐŽŵŵĞŶĚĂƚŝŽŶƐĨŽƌ
ŝƐŝŶĨĞĐƚŝŽŶĂŶĚ^ƚĞƌŝůŝǌĂƚŝŽŶ͘ůŝŶŝĐĂů/ŶĨĞĐƚŝŽƵƐŝƐĞĂƐĞƐϯϮ͗ϭϯϰϴͲϭϯϱϲ͘
t,K͘ϭϵϵϵ͘t,KŝŶĨĞĐƚŝŽŶĐŽŶƚƌŽůŐƵŝĚĞůŝŶĞƐĨŽƌƚƌĂŶƐŵŝƐƐŝďůĞƐƉŽŶŐŝĨŽƌŵĞŶĐĞƉŚĂůŽƉĂƚŚŝĞƐ͘
ZĞƉŽƌƚŽĨĂt,KĐŽŶƐƵůƚĂƚŝŽŶ͕'ĞŶĞǀĂ͕^ǁŝƚǌĞƌůĂŶĚ͕ϮϯͲϮϲDĂƌĐŚϭϵϵϵ͘
ŚƚƚƉ͗ͬͬǁǁǁ͘ǁŚŽ͘ŝŶƚͬĐƐƌͬƌĞƐŽƵƌĐĞƐͬƉƵďůŝĐĂƚŝŽŶƐͬďƐĞͬt,Kͺ^ͺ^ZͺW,ͺϮϬϬϬͺϯͬĞŶͬ͘
tŝůůZ'͕/ƌŽŶƐŝĚĞ:t͕ĞŝĚůĞƌD͕ŽƵƐĞŶƐ^E͕ƐƚŝďĞŝƌŽ<͕ůƉĞƌŽǀŝƚĐŚ͕WŽƐĞƌ^͕WŽĐĐŚŝĂƌŝD͕,ŽĨŵĂŶ
͕^ŵŝƚŚW'͘ϭϵϵϲ͘ŶĞǁǀĂƌŝĂŶƚŽĨƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞŝŶƚŚĞh<͘>ĂŶĐĞƚϯϰϳ͗ϵϮϭͲ
ϵϮϱ͘
tƌŽĞ^:͕WĂů^͕^ŝĚĚŝƋƵĞ͕,ǇĂƌĞ,͕DĂĐĨĂƌůĂŶĞZ͕:ŽŝŶĞƌ^͕>ŝŶĞŚĂŶ:D͕ƌĂŶĚŶĞƌ^͕tĂĚƐǁŽƌƚŚ:&͕
,ĞǁŝƚƚW͕ŽůůŝŶŐĞ:͘ϮϬϬϲ͘ůŝŶŝĐĂůƉƌĞƐĞŶƚĂƚŝŽŶĂŶĚƉƌĞͲŵŽƌƚĞŵĚŝĂŐŶŽƐŝƐŽĨǀĂƌŝĂŶƚ
ƌĞƵƚǌĨĞůĚƚͲ:ĂŬŽďĚŝƐĞĂƐĞĂƐƐŽĐŝĂƚĞĚǁŝƚŚďůŽŽĚƚƌĂŶƐĨƵƐŝŽŶ͗ĂĐĂƐĞƌĞƉŽƌƚ͘dŚĞ>ĂŶĐĞƚ
ϯϲϴ͗ϮϬϲϭͲϮϬϲϳ͘
zƵ^͕ŚĂŶŐz͕>ŝ^͕^ǇDͲ^͕^ƵŶ^͕dŝĞŶW͕yŝĂŽ'͘ϮϬϬϳ͘ĂƌůǇŽŶƐĞƚĨĂƚĂůĨĂŵŝůŝĂůŝŶƐŽŵŶŝĂǁŝƚŚƌĂƉŝĚ
ƉƌŽŐƌĞƐƐŝŽŶŝŶĂŚŝŶĞƐĞĨĂŵŝůǇůŝŶĞ͘:ŽƵƌŶĂůŽĨEĞƵƌŽůŽŐǇϮϱϰ͗ϭϯϬϬͲϭϯϬϭ͘
ĂƌƌĂŶǌ::͕ŝŐŽŶ͕ƚĂƌĠƐ͕ZŽĚƌşŐƵĞǌͲDĂƌƚşŶĞǌ͕ƌĐĞ͕ĂƌƌĞƌĂE͕&ĞƌŶĄŶĚĞǌͲDĂŶĐŚŽůĂ/͕
&ĞƌŶĄŶĚĞǌͲDĂƌƚşŶĞǌD͕&ĞƌŶĄŶĚĞǌͲDĂŝǌƚĞŐƵŝ͕&ŽƌĐĂĚĂƐ/͕'ĂůĚŽƐ>͕'ſŵĞǌͲƐƚĞďĂŶ:͕
/ďĄŹĞǌ͕>ĞǌĐĂŶŽ͕>ſƉĞǌĚĞDƵŶĂŝŶ͕DĂƌƚşͲDĂƐƐſ:&͕DĞŶĚŝďĞDD͕hƌƚĂƐƵŶD͕hƚĞƌŐĂ
:D͕^ĂƌĂĐŝďĂƌE͕sĞůĂƐĐŽ&͕ĚĞWĂŶĐŽƌďŽDD͘ϮϬϬϱ͘WŚĞŶŽƚǇƉŝĐǀĂƌŝĂďŝůŝƚǇŝŶĨĂŵŝůŝĂůƉƌŝŽŶ
ĚŝƐĞĂƐĞƐĚƵĞƚŽƚŚĞϭϳϴEŵƵƚĂƚŝŽŶ͘:ŽƵƌŶĂůŽĨEĞƵƌŽůŽŐǇ͕EĞƵƌŽƐƵƌŐĞƌǇΘWƐǇĐŚŝĂƚƌǇ
ϳϲ͗ϭϰϵϭͲϭϰϵϲ͘
Ğƌƌ/͕WŽƐĞƌ^͘ϮϬϬϰ͘ƉŝĚĞŵŝŽůŽŐǇĂŶĚƌŝƐŬĨĂĐƚŽƌƐŽĨƚƌĂŶƐŵŝƐƐŝďůĞƐƉŽŶŐŝĨŽƌŵĞŶĐĞƉŚĂůŽƉĂƚŚŝĞƐŝŶ
ŵĂŶ͘ŽŶƚƌŝďƵƚŝŽŶƐƚŽŵŝĐƌŽďŝŽůŽŐǇϭϭ͗ϵϴͲϭϭϲ͘

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

)LJXUH/HJHQGV

)LJXUH1HXURSDWKRORJLFDOKDOOPDUNVRIKXPDQSULRQGLVHDVH
3KRWRPLFURJUDSKVGHSLFWLQJWKHFRPPRQQHXURSDWKRORJLFDOKDOOPDUNVRISULRQGLVHDVHLQWKH
EUDLQV$'DQGSHULSKHUDOWLVVXHV(	)RIDIIHFWHGKXPDQV$*UDQXODUV\QDSWLF3U3
GHSRVLWLRQLQVSRUDGLF&UHXW]IHOGW-DNREGLVHDVHV&-'GHWHFWHGXVLQJ)DQWLSULRQ
SURWHLQDQWLERG\EURZQ%0LFURYDFXRODUVSRQJLIRUPFKDQJHLQWKHFHUHEUDOFRUWH[LQ
VSRUDGLF&-'KDHPDWR[\OLQDQGHRVLQVWDLQ&5HDFWLYHDVWURF\WRVLVLQWKHWKDODPXVLQ
YDULDQW&-'JOLDOILEULOODU\DFLGLFSURWHLQDQWLERG\'3U3GHSRVLWLRQLQWKHFHUHEUDOFRUWH[
LQYDULDQW&-')DQWLSULRQSURWHLQDQWLERG\(3U3GHSRVLWLRQLQYDULDQW&-'GRUVDO
URRWJDQJOLRQ)DQWLSULRQSURWHLQDQWLERG\)3U3GHSRVLWLRQLQIROOLFXODUGHQGULWLF
FHOOVLQDO\PSKRLGIROOLFOHLQWKHWRQVLOLQYDULDQW&-')DQWLSULRQSURWHLQDQWLERG\
6FDOHEDUV P

)LJXUH7KHSRWHQWLDOIRUWUDQVPLVVLRQRIKXPDQSULRQGLVHDVHGXULQJDQDWRPLFDO
GLVVHFWLRQ
7KHUHODWLYHGLVWULEXWLRQRISULRQLQIHFWLYLW\ZLWKLQWKHERG\RIDIIHFWHGKXPDQV$OWKRXJK
SRWHQWLDOH[LVWVIRUWKHWUDQVPLVVLRQRIKXPDQSULRQGLVHDVHGXULQJDQDWRPLFDOGLVVHFWLRQ
KXPDQSULRQGLVHDVHVDUHH[WUHPHO\UDUHDQGWKHULVNVLQYROYHGFDQEHHIIHFWLYHO\PDQDJHG
E\WKHIROORZLQJVFUHHQLQJRISDWLHQWVDQGPDWHULDOVXVHGIRUGLVVHFWLRQLGHQWLILFDWLRQ
DQGDYRLGDQFHRIKDQGOLQJKLJKULVNPDWHULDOVIL[DWLRQDQGSRWHQWLDOIRUGHFRQWDPLQDWLRQ
RISULRQV
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7DEOH+XPDQSULRQGLVHDVHV
'LVHDVH $FURQ\P 2FFXUHQFH
6SRUDGLF&UHXW]IHOGW-DNRE
GLVHDVH
V&-' ,GLRSDWKLF
6SRUDGLFIDWDOLQVRPQLD V), ,GLRSDWKLF
9DULDEO\SURWHDVHVHQVLWLYH
SULRQRSDWK\
9363U ,GLRSDWKLF
)DPLOLDO&UHXW]IHOGW-DNRE
GLVHDVH
I&-' *HQHWLF
*HUVWPDQQ6WUlXVVOHU
6FKHLQNHUGLVHDVH
*66 *HQHWLF
)DWDOIDPLOLDOLQVRPQLD )), *HQHWLF
.XUX  $FTXLUHG  YLD FRQVXPSWLRQ RI NXUX LQIHFWHG
PDWHULDO
,DWURJHQLF&UHXW]IHOGW
-DNREGLVHDVH
L&-' $FTXLUHG   YLD LQDGYHUWHQW WUDQVPLVVLRQ RI V&-'
RUY&-'DVDUHVXOWRIPHGLFDOWUHDWPHQW
9DULDQW&UHXW]IHOGW-DNRE
GLVHDVH
Y&-' $FTXLUHG  SULPDULO\ YLD FRQVXPSWLRQ RI %6(
FRQWDPLQDWHG PHDW SURGXFWV VHFRQGDU\
LDWURJHQLFDOO\EORRGWUDQVIXVLRQ

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7DEOH,QFLGHQFHRIKXPDQSULRQGLVHDVHVDVUHSRUWHGE\DFWLYHVXUYHLOODQFH
5HJLRQ3HULRG 7RWDO
5HIHUUDOV
3ULRQ
'LVHDVH
6SRUDGLF *HQHWLF ,DWURJHQLF Y&-'
86      
86      
86SUHVHQW      
8.      
8.      
8.SUHVHQW      
7RWDO
RIWRWDO
  







'DWD IURPWKH861DWLRQDO3ULRQ'LVHDVH3DWKRORJ\6XUYHLOODQFH&HQWHUDQG8.1DWLRQDO
&-'5HVHDUFK	6XUYHLOODQFH8QLW
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7DEOH&DWHJRULVDWLRQRISDWLHQWVE\ULVN$&'3UHYLVHG
3DWLHQWJURXSV
6\PSWRPDWLF
SDWLHQWV

3DWLHQWVZKRIXOILOWKHGLDJQRVWLFFULWHULDIRUGHILQLWHSUREDEOHRU
SRVVLEOH&-'RUY&-'
3DWLHQWVZLWKQHXURORJLFDOGLVHDVHRIXQNQRZQDHWLRORJ\ZKRGRQRWILW
WKHFULWHULDIRUSRVVLEOH&-'RUY&-'EXWZKHUHWKHGLDJQRVLVRI&-'LV
EHLQJDFWLYHO\FRQVLGHUHG
3DWLHQWV³DW
LQFUHDVHGULVN´
IURPJHQHWLF
IRUPVRI&-'


,QGLYLGXDOVZKRKDYHEHHQVKRZQE\VSHFLILFJHQHWLFWHVWLQJWREHDW
VLJQLILFDQWULVNRIGHYHORSLQJ&-'
,QGLYLGXDOVZKRKDYHDEORRGUHODWLYHNQRZQWRKDYHDJHQHWLFPXWDWLRQ
LQGLFDWLYHRIJHQHWLF&-'
,QGLYLGXDOVZKRKDYHRUKDYHKDGWZRRUPRUHEORRGUHODWLYHVDIIHFWHG
E\&-'RURWKHUSULRQGLVHDVH
3DWLHQWV
LGHQWLILHGDV
³DWLQFUHDVHG
ULVN´RI
&-'Y&-'
WKURXJK
LDWURJHQLF
H[SRVXUHV


5HFLSLHQWVRIKRUPRQHGHULYHGIURPKXPDQSLWXLWDU\JODQGVHJ
JURZWKKRUPRQHJRQDGRWURSKLQDUH³DWLQFUHDVHGULVN´RIWUDQVPLVVLRQ
RIVSRUDGLF&-',QWKH8.WKHXVHRIKXPDQGHULYHGJRQDGRWURSKLQZDV
GLVFRQWLQXHGLQDQGXVHRIFDGDYHUGHULYHGKXPDQJURZWK
KRUPRQHZDVEDQQHGLQ+RZHYHUXVHRIKXPDQGHULYHGSURGXFWV
PD\KDYHFRQWLQXHGLQRWKHUFRXQWULHVDIWHUWKHVHGDWHV
,QGLYLGXDOVZKRXQGHUZHQWLQWUDGXUDOEUDLQRULQWUDGXUDOVSLQDOVXUJHU\
EHIRUH$XJXVWZKRUHFHLYHGRUPLJKWKDYHUHFHLYHGDJUDIWRI
KXPDQGHULYHGGXUDPDWHUDUH³DWLQFUHDVHGULVN´RIWUDQVPLVVLRQRI
VSRUDGLF&-'XQOHVVHYLGHQFHFDQEHSURYLGHGWKDWKXPDQGHULYHGGXUD
PDWHUZDVQRWXVHG
,QGLYLGXDOVZKRKDYHKDGVXUJHU\XVLQJLQVWUXPHQWVWKDWKDGEHHQXVHG
RQVRPHRQHZKRZHQWRQWRGHYHORS&-'Y&-'RUZDV³DWLQFUHDVHG
ULVN´RI&-'Y&-'
,QGLYLGXDOVZKRKDYHUHFHLYHGDQRUJDQRUWLVVXHIURPDGRQRULQIHFWHG
ZLWK&-'Y&-'RU³DWLQFUHDVHGULVN´RI&-'Y&-'
,QGLYLGXDOVZKRKDYHEHHQLGHQWLILHGSULRUWRKLJKULVNVXUJHU\DV
KDYLQJUHFHLYHGEORRGRUEORRGFRPSRQHQWVIURPRUPRUHGRQRUV
VLQFH-DQXDU\
,QGLYLGXDOVZKRKDYHUHFHLYHGEORRGIURPVRPHRQHZKRZHQWRQWR
GHYHORSY&-'
,QGLYLGXDOVZKRKDYHJLYHQEORRGWRVRPHRQHZKRZHQWRQWRGHYHORS
Y&-'
,QGLYLGXDOVZKRKDYHUHFHLYHGEORRGIURPVRPHRQHZKRKDVDOVRJLYHQ
EORRGWRDSDWLHQWZKRZHQWRQWRGHYHORSY&-'
,QGLYLGXDOVZKRKDYHEHHQWUHDWHGZLWKFHUWDLQLPSOLFDWHG8.VRXUFHG
SODVPDSURGXFWVEHWZHHQDQG

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7DEOH'LVWULEXWLRQRISULRQLQIHFWLYLW\LQ&-'DQGY&-'$&'3UHYLVHG
7LVVXH ,QIHFWLYLW\LQ&-'
RWKHUWKDQY&-'
,QIHFWLYLW\LQY&-'
%UDLQ +LJK +LJK
6SLQDOFRUG +LJK +LJK
&UDQLDOQHUYHVVSHFLILFDOO\WKHHQWLUHRSWLFQHUYH
DQGRQO\WKHLQWUDFUDQLDOFRPSRQHQWVRIWKH
RWKHUFUDQLDOQHUYHV

+LJK

+LJK
&UDQLDOJDQJOLD +LJK +LJK
3RVWHULRUH\HVSHFLILFDOO\WKHSRVWHULRUK\DORLG
IDFHUHWLQDUHWLQDOSLJPHQWHSLWKHOLXPFKRURLG
VXEUHWLQDOIOXLGRSWLFQHUYH

+LJK

+LJK
3LWXLWDU\JODQG +LJK" +LJK"
6SLQDOJDQJOLD 0HGLXP 0HGLXP
2OIDFWRU\HSLWKHOLXP 0HGLXP 0HGLXP
'XUDPDWHU /RZ /RZ
7RQVLO /RZ 0HGLXP
/\PSKQRGHVDQGRWKHURUJDQLVHGO\PSKRLG
WLVVXHVFRQWDLQLQJIROOLFXODUVWUXFWXUHV
/RZ 0HGLXP
*XWDVVRFLDWHGO\PSKRLGWLVVXH /RZ 0HGLXP
$SSHQGL[ /RZ 0HGLXP
$GUHQDOJODQG /RZ 0HGLXP
6SOHHQ /RZ 0HGLXP
7K\PXV /RZ 0HGLXP
$QWHULRUH\HDQGFRUQHD /RZ 0HGLXP
3HULSKHUDOQHUYH /RZ /RZ
6NHOHWDOPXVFOH /RZ /RZ
'HQWDOSXOS /RZ /RZ
*LQJLYDOWLVVXH /RZ /RZ
%ORRGDQGERQHPDUURZ /RZ /RZ
&6) /RZ /RZ
3ODFHQWD /RZ /RZ
8ULQH /RZ /RZ
2WKHUWLVVXHV /RZ /RZ

Page 36 of 36
John Wiley and Sons, Inc.
Clinical Anatomy
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
